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GELATINE 


WHICH FLAVORS 
WILL OUTSELL? 


Identical flavors to the eye, yes . . . to the taste, no. The basic difference in each case is the unique 
flavor of one—perfected to outsell—developed by IFF. 


Creating outstanding flavors for individual products is an experienced specialty of IFF. The result is a 
product which establishes brand demand, repeat sales, in a highly competitive market. 


And if you are in the international market, IFF can minimize problems of supply. Uniform manufacturing 
and quality control in all of its plants throughout the world assure customers that IFF flavors, wherever 
ordered, remain the same from batch to batch. 


For the flavors that outsell, contact IFF. 


ia FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 


Leading Creators and Manufacturers im the World of Flavor 
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CALL FOR NOMINATIONS 
The Babcock-Hart Award 


Any member of the Institute of Food Technologists 
may submit a nomination for the 1961 Babeock-Hart 
Award between now and the January 1, 1961 dead- 
line, 

Nominations must be made on the prescribed nomi- 
nation form which may be obtained from the Execu- 
tive Secretary, in order to be considered. 

Donor of the $1,000.00 and engrossed plaque ae- 
companying the Award is the Nutrition Foundation. 
Purpose of the Award is: ‘‘To honor a person who 
has distinguished himself or herself by contributions 
to Food Technology which have resulted in improved 
public health through some aspect of nutrition or 
more nutritious food.”’ 

A nominee, to be eligible, must have made a tech- 
nological development, or scientific contribution 
leading directly to a technological development, which 
favorably affects the nutritional well-being of the 
public. Contributions in clinical nutrition and funda- 
mental scientific studies in nutrition cannot be con- 
sidered as qualifying according to conditions estab- 


lished by the Donor. 


The Nicholas Appert Award 

Any member of the Institute of Food Technologists 
for the 1961 Nicholas 
and the January 1, 


may submit a nomination 
Appert Award 
1961 deadline. 

Nominations must be made on the prescribed 
nomination form which may be obtained from the 
Executive Secretary, in order to be considered. 

Donor of the $1,000.00 honorarium accompanying 
the Award the Institute of Food Technologists. 
The Award, originated by the Chicago Section, also 

Bronze Medal which is donated by that 
Purpose of the Award is: ‘*To 
person for pre-eminence in and contributions to the 
field of Food Technology.’’ 

Qualifying criterion for a nominee includes merely 
the fact that the nominator consider the individual 
so pre-eminent in the field of Food Technology that 
he or she should for contributions 
thereto. This pr cludes consideration of personality 
or other characteristics outside the field of contribu- 
tions to Food Technology, as these factors may not 
be by the Awards Jury in making the 


select ion. 


between now 


IS 


includes a 


Section. honor a 


be acclaimed 


considered 


Call for Nominations—Food Technology Achievement Award 


The IFT Food Technology Achievement Award is given annually to recognize and honor an outstanding food 
process and/or product, which represents a significant advance in the application of Food Technology to food 


production, and which has been successfully applied in actual commercial operation for at least six months but 
years prior to the date of calling for nominations. Insofar as possible, this Award shall be 
personalized by publie recognition of the individuals(s) responsible for the achievement. 

The Award will include the following: to the Company or Institution, a bronze Plaque. To the indi- 
vidual(s) judged to have made major contributions to the achievement, either through basic research or develop- 
ment, public recognition at the time of the presentation of the Award, and an engrossed Plaque. 

Nominations for this Award may be made by any member of the Institute of Food Technologists. Each 
member of the Institute is urged to give serious consideration to the nomination of a product or process, not 
Each nomination must be in letter form and include the 


not over four (4) 


necessarily one in which your company is concerned. 
following : 

A. Name of Company or Institution. 

B. Name of Product and/or Process. 
; Description of Product or Process. 
Statement of reason for considering this a meritorious achievement 
Statement listing individuals chiefly responsible for the achievement 

and their individual contributions. 

Statement indicating the time and extent of commercial utilization. 


NOMINATIONS MUST NOT EXCEED THREE, SINGLE-SPACED, TYPEWRITTEN PAGES. 
Nominations should be sent, postmarked no later than December ist, to: 
INSTITUTE OF Foop TECHNOLOGISTS 
176 W. Adams Street 
Chicago 3, Illinois 


October Cover. Processing the Japanese mandarin orange. Typical worker (upper left) picking ‘‘Mikan’’ in a Japanese 


The fruit, after arrival at the processing plant, undergoes size-grading and blanching in hot water, 
dissolved in acid and 


orchard, after which outer 


peels are removed by hand, and segments separatec ’ 
alkali. The outlet side (upper right) of the alkali treatment drums 
and draining of the peeled segments. 
filling, syruping, sealing, cooking, cooling, and labelling. 


also manually. Outer skins of the segments are then 


is depicted, as well as the soaking in cold running water 


and this is followed 
to 


The size-grading method (lower left) used is the next step shown, 


by (lower middle Information and photographs for this salute 


the Japan Section were supplied by Dr. Masao Fujimaki, University of Tokyo. 
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MY VACET' Distilled 
Acetylated Monoglycerides 


are now approved 


for edible use 


These products, whose research studies have disclosed 
many interesting properties, are now ready for your 
new product development program. Sec. 121.1018, U.S. 
Food and Drug Regulations, authorizes their use, up to 
5°; in finished food, as 
“(1) A food coating agent 

(2) A food container component 

(3) An equipment lubricant 

(4) An emulsifier in food.”’ 

We have prepared Bulletin A-1 to give general in- 
formation on this subject; included are a list of 69 perti- 
nent scientific papers and patents and a compilation of 
many suggested uses. These range from slab oils to 
shortenings, and include coatings for foods as well as 
plasticizers for other coating materials. 

Other bulletins are now available which give informa- 
tion on specific applications: 

A-2. Poultry 

A-3. Frozen and Processed Meats 
A-4. Frozen Fish 

A-5. Dried Fruits 

A-6. Nuts and Candies 

A-7. Storage Eggs 

Food processors are welcome to copies of these bulle- 
tins, as well as samples of different types of MYVACET 
Distilled Acetylated Monoglycerides. 

Information and quotations from Distillation Products 
Industries, Rochester 3, N. Y. Sales offices: New York 
and Chicago e W. M. Gillies, Inc., West Coast ¢ Charles 
Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides ° Also... vitamin A in bulk 
made from natural fats and oils iojisly for foods ond pharmaceuticals 


Distillation Products Industries is a division of Eastman Kodak Company 
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Committees of the Institute of Food Technologists 


for the 1960-61 Year 


Committee on Awards 
This committee is responsible for the administration of the 

Awards program of the Institute in accordance with the 

policies, rules and regulations governing awards as amended 
to May, 1960. 
Dr, Horace Sipple, Chairman, The Nutrition Foundation, 99 
Park Avenue, New York 16, New York 

Dr. K. G. Weekel, Vice Chairman, Babeock Hall, Un versity of 
Wisconsin, Madison, Wisconsin 

Nicholas-Appert Award Jury: Dr. H. E. Robinson, Chairman, 
Swift and Company, Union Stock Yards, Chieago, Illinois 

Babeock-Hart Award Jury: R. B. Wakefield, Chairman, Gerber 
Products Company, Fremont, Michigan 

Food Technology Achievement Award Jury: Dr. P. K. Bates, 
Chairman, Carnation Company, 8015 Van Nuys Blvd., Van 
Nuys, California 

International Award Jury: Dr. E. M. Mrak, Chairman, Univer 

sity of California, Davis, California 

Graduate Awards Jury: Dr. R. E. Buck, Chairman, Head, Food 

Tech. Res. Lab., H. J. Heinz Company, Pittsburgh 30, 
Pennsylvania 
Undergraduate Awards Jury: Dr. John M. Jackson, Chairman, 
American Can Company, R & D Center, jurrington, 
Illinois 
Committee on Citrus Products 

The objectives of this committee are as follows: 

1. This committee in conjunction with the Annual Meeting 
Program Committee will establish a pattern for the presen 
tation of papers on citrus research and technology at the 
annual meeting of the Institute. 

Continue sub-committee work on methodology aiming toward 
standard procedures for use by state and federal agencies. 

R. E. Cox, Chairman, 404 E. Genesee Avenue, Los Angeles 36, 


California 


Robert W. Kilburn t. E. Cox 

W. R. Channell Dr. W. R. Roy 

Homer W. Holton Dr. Matthew K. Valdhuis 
Ellis M. Byer Dr. Fred Wenzel 

Omer R. MeDuft Williard Baier 
Howard Trumm Dr. Franeis Griffiths 

Dr. A. Beavens Dr. L. G. Mae Dowell 

C. G. Beisel Virgil S. Troy 

Charles Brokaw Dr. Reese Vaughn 


Committee on Civil Defense 
The primary objective of this commitee is to create an 
uwareness in the members of the Institute of Food Technolo 
gists of the problems that could be faced by the food industry 
in case of a national emergency. 
Dr. Riehard H. Forsythe, Chairman, Department of Poultry 
Husbandry, State University, Ames, Iowa 


Dr. Robert Baldwin Dr. Frank L. Gunderson 
Dr. Franklin Barber John H. Kilbuek 
Dr. Howard Bauman Dr. E. M. Mrak 


Dr. Roy C, Newton 


George W. Putnam 


Dr. Rudy H. Ellinger 
William Ferracone 
Dr. Keith Lewis 


Committee on Constitution and By-Laws 
The committee shall receive proposals for amendments to 

the Constitution. These it shall study and make recommenda 
tions thereon for submission to the Executive Committee of the 
Council 
Dr. Byron Shinn, Chairman, Armour and Company, Union 

Stock Yards, Chicago, Illinois 

Dr. R. P. Joslin 

Radeliffe F. Robinson 


R. F. Light 
Hugh Griswold 
D. Pratt 


Committee on Education 
Objectives 


Continue work with schools in curriculum planning to bring 
all eurrieula closer to ideal objective of the Institute. 
Recommend to the Institute actions which should be taken 
to further interest students in the field of Food Science, Teeh- 
nology and Engineering. 
Dr. Robert M. Schaffner, Chairman, Libby, McNeill & Libby, 
Chieago 4, Illinois 


Dr. Gale Ammermar Dr. R. T. Milner 

G. E. Brissey Dr. E. B. Oberg 

Dr. Irving 8S. Fagerson D. L. Schott 

J. M. Heinen, Jr. Dr. H. W. Schultz 
Dr. Melvin Johnston Dr. B. 8S. Schweigert 
Varnum T. Ludington Dr. K. G. Weekel 


Dr. Virgil T. Wodick: 


Committee on Finance 


This committee has the general responsibility of initiating 
policy in respect to the handling of Institute finances, of 
pproving the annual budget, and of discharging such other 
luties in econneetion with the business affairs of the Institute 

may be assigned to it by the Treasurer. 
Dr. A. N, Prater, Chairman, Gentry, Inc., 1111 South Central 

Avenue, Glendale 4, California 
W. Ray Junk 


Dr. John M, Jackson 


Dr. James W. Evans 
Stephen L. Galvin 


Committee on Food Additives 
and Components 

General Objective 
To collect and interpret information of both a regulatory 
nd scientific nature on new developments and preblems in the 
field of food additives and standards of identity as may be 
decided by the committee to be needed and helpful to the Insti 
tute of Food Technologists. Such material will be ordinarily 
disseminated through publication in Foop TECHNOLOGY. 


Dr. 


John F. Mahoney, Chairman, Merck & Company, Rahway, 


New Jerse; 

Dr. H. W. Sehultz C. D. Pratt 

R. Thiessen Dr. Margaret Ives 
Dr. R. L. Hall Dr. R. C. Sherwood 


Dr. D. B. Hand Walter H. Williams 


Committee on History 


This committee ’s objective for this year is: 
Continue work toward completion of history on— 
a. IFT Awards 
b History of Regio ial Sections 
«. History of IFT publications 


Dr. E, A. Beayens, Chairman, U.S.D.A., 263 Chester Avenue, 
Pasadena 5, California 
Dr. Samuel C. Prescott Miss D. A. Huber 
Dr. W. V. Cruess Dr. J. H. Nair 
Dr. J. G. Woodroof 


Committee on Membership 


This Committee is to work with the Executive Office in 
nitiating ways and means to increase Institute membership 
throughout the world. 
Warren R, Schack, Chairman, Canned Meats Research Division, 

Swift & Company, Union Stock Yards, Chicago 9, [Illinois 
Rees B. Davis 
Dr. D. C. Kuesel 


Alfred P. Rumminger 
Elverton B. Stark 
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Committee on Nominations 
The nominees for officers and councilors-at-large shall be 

selected by the Committee on Nominations as preseribed in 
Article VIII, Seetion 1, 2 and 3 of the Constitution and Article 
IX, Section 7 of the By-Laws. 
Dr. Gale Ammerman, Chairman, Libby, MeNeill & Libby, Cen 

tral Food Research Laboratory, Blue Island, Illinois 

Dr. R. E. Hein H. B. Rogers 

H. T. Griswold Clarence W. Dubois 


The Chairman of each regional section is a member of this 
Committee in addition to the above. 


Program Committee 
This permanent committee with rotating membership is re 
sponsible for programming for annual meetings of the Insti 
tute. Its objective shall be continued improvement of programs 
to attract the presentation of the finest research and advanced 
techniques in Food Science, Technology and Engineering. 
Fred C, Baselt, Chairman, American Can Company, 100 Park 
Avenue, New York 17, New York 
Dr. P. A. Buek Mrs. Lois A. Sather 


Dr. Betty Watts Dr. Paul E. Ramstad 
Dr. H. E. Goresline M. J. Copley 

Dr. J. J. Albrecht Dr. R. C. Sherwood 
J. B. Anderson Dr. Hans Lineweaver 
Dr. Edward A. Nebesky Dr. Amihud Kramer 


Dr. John F. Murphy 
Dr. John Jackson 
Dr. J. F. Mahoney 


R. Thiessen, Jr. 
Dr. B. F. Daubert 


Committee on Publications 
‘*This Committee has the responsibility and authority to 

investigate, review, study end recommend on any matter con 
cerning publication policy to the Executive Committee of the 
Couneil,’’ Article IX, Seetion 6 By Laws, 
Dr. Howard Spencer, Chairman, Dow Chemical Company, Mid 

land, Michigan 

Dr. George Beach Dr. Reid Milner 

Dr. S. A. Goldblith Dr. Georg A. Borgstrom 

Dr. B. F. Daubert 


Committee on Qualifications 
This committee shall operate in accordance with Article LX, 
Section 4 of the By-Laws of the Institute. 


George E. Brissey, Chairman, Swift & Company, Union Stock 
Yards, Chieago 9, Illinois 

Dan J. Ridenour 

John M. Heinan, Jr. 
F. Warren Tauber 


Henry P. Furgal 
Dr. C. S. Miner 


Foreign Aids: 
Walter MeAllister Dr. Vietor M. Lewis 


Lineoln J. Frost 


Committee on Quality Control of Food Products 
Objective: 
Concentrate on forming a strong Quality Control program 
for the 1961 annual meeting to be held in New York, May 7-11. 
Bruno Filice, Chairman, Filicee and Perrelli Company, 1200 
South 10th Street, Richmond, California 
Dr. Amihud Kramer 
Leonard Gieseker E. Norman Liles 
Dr. Richard Guyer Rolie O’Neal 
William J. Hoover F. Miles Sawyer 
Stanley Hotchner Dr. Howard Stier 
Harry Korab Hugo Wistreich 

Dr. Oliver J. Worthington 


Gerald Desmond 


Committee on Resolutions 
The responsibility of this committee is to prepare appropri- 
ate resolutions and present them at the Annual Meeting as 
authorized by the Executive Committee and the Council. 
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A. J. Ganz, Chairman, 604 West llth Street, Wilmington, 
Delaware 
H. A. Barnby Norman H. Ishler 


R. H. Johnson 


Committee on Taste Testing 
General Objectives: 
To list and classify procedures and methods used in taste 
testing. 
To evaluate procedures and methods used in taste testing 
and recommend those that should be adopted for use. 
To encourage researeh effort in those areas lacking definitive 
information. 
Dr. H. L. Stier, Chairman, Division of Statisties, National Can 
ners Assoce., 1133 20th Street, N. W., Washington 6, D. ©. 
Dr. Dean Foster Dr. Elizabeth Murphy 
Dr. M. A. Amerine Dr. D. R. Peryam 
Dr. R. J. Carbonell Prof. Lois A. Sather 
Dr. Miles Sawyer 
Miss Elsie Dawson Miss Marion Simone 
Dr. Amihud Kramer Dr. K. G. Weekel 


John Coleman 


Ad Hoc Committee to Study Ways and Means of 
Advancing the Science of Food Technology 

This committee is to study areas and ways in which Indus 
try can best serve to advance the Science of Food Technology 
Report to the Executive Committee at its mid-year meeting. 
Dr. H. W. Schultz, Chairman, Oregon State College, Corvallis, 

Oregon 

H. T. Griswold 

Howard P. Milleville 


Dr. Carl H. Krieger 
R. B. Wakefield 


Ad Hoc Committee to Study Employment System 
and Procedures 


Objectives: 
1. To study the present activities of the Institute in the area 
of employment and recommend an improved service, if such 


is possible. 


2. Evaluate the employment activities at annual meetings and 
draw up a procedure to be followed to insure more effeetiv: 
service to members of the Institute. This procedure to be 
adopted for 1961 annual meeting. 

Charles W. Kaufman, Chairman, National Dairy Produets, Re 

search & Development Division, Glenview, Illinois 

William X. Clark Clifford F. Evers 

Dave Eolkin Richard Van Fleet 

C. K. Wiesman 


Ad Hoc Committee to Study the Advisability of 
Establishing a Code of Ethics for Institute Members 


The objectives of this Committee is to investigate, study, 
and recommend to the Executive Committee whether or not a 
Code of Ethies should be adopted covering members of the 
IFT. 

Dr. H. W. Schultz, Chairman, Oregon State College, Corvallis, 
Oregon 
A. J. Ganz Dr. F. N. Peters 
R. B. Marshall Dr. P. K. Bates 
Hamilton W. Putnam Dr. R. H. Vaughn 


Ad Hoc Committee on International 
Congress on Food Technology 


This committee is to work with the Society of Chemical In 
dustry in formulating a program for the 1962 International 
Congress on Food Technology. 

Dr. E. M. Mrak, Chairman, University of California, Davis, 
California 


Dr. George Stewart 
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If the proof is in the testing, here’s a young fellow who’s obviously volume, more uniform texture, elimination of syneresis, and because 


had a point proven to him. Chances are that Hercules® CM( of the better stability 
Similarly, Cellulose Gum is finding application in other bakery spe- 


less toughness upon aging. 


Cellulose Gum—has been used in the formulation because Cellulose 
cialties such as fruit pie fillings, icings, glazes, doughnuts. Bakery 
products are only one of the many classes of food formulations 
which benefit from Cellulose Gum. We'll be glad to discuss the use 
of Cellulose Gum, which has FDA acceptance in most applications, 


in your specific formulation. For additional technical data 


Gum is becoming increasingly popular as a stabilizer for both pie 
fillings and meringues. 

In lemon pie fillings, such as the delectable one in the picture, 
Cellulose Gum is providing greater clarity, elimination of cracking 
and syneresis, and a more pleasing, less short texture. 


In meringues, Cellulose Gum is contributing to greater on its use in food processing, write : 


Virginia Cellulose Department 
HERCULES POWDER COMPANY 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 


HERCULES Cellulose Gum 
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Ad Hoc Committee to Develop 
A Manual for Section Officers 
Objective : 


To develop a manual which will assist all section officers by 
giving them the duties and responsibilities of the various 
offices along with recommended committees and their duties. 


Dr. H. A. Campbell, Chairman, General Foods Corporation, 
555 South Broadway, Tarrytown, New York 
F. J. Erickson Dr. J. H. Nair 
Dr. Frank A. Lee Hamilton W. Putnam 
Radeliffe F. Robinson 


Ad Hoc Committee on Public Relations 

Objectives: 

1. Investigate the possibility of securing a Publie Relations 
firm to outline a program of public relations for the 
Institute. 

2. To determine the cost of the above outlined program. 

Dr. Loren B. Sjostrom, Chairman, A, D. Little Company, Cam 
bridge, Massachusetts 
Dennis H. Murphy Norbert J. Leinen 

Robert D. MeMillen 


Liaison Representative to the Agricultural Research Institute 
of the National Research Council 
Appointed by the President to keep the Institute informed 
of the activities of this organization, An annual report to the 
Couneil should be made. 
Dr. Ira Somers, Direetor, Research Laboratories, National 
Canners Association, 1133 20th Street, N. W., Washing 
ton 6, D.C, 


Liaison Representative to the Council of American 
Association for the Advancement of Science 

These men serve as representatives of the Institute of Food 
Technologists on the coordinating committee of the American 
Association for the Advancement of Science and report to the 
Council transactions of interest to the Institute. 
Dr. Charles N. Frey, 45 Cambridge Road, Searsdale, New York 
Dr. M. A. Joslyn, Department of Food Technology, University 
of California, Berkeley 4, California 


Liaison Representative to the Food and Nutrition Board of the 
National Research Council 

All appointments to the Food and Nutrition Board are made 
by the Chairman of the National Research Council. At the 
invitation of the National Research Couneil, the President of 
the IFT nominates a member for consideration and appoint 
ment as Liaison Representative. This appointment is for an 
indefinite period, but like all committee appointments is subject 
to annual reaffirmation by the President of the Institute. An 
annual report is made to the Council. 
Dr. L. J. Teply, Chief, Expanded Aid to Nutrition UNICEF, 

United Nations Building, New York, New York 


Liaison Representative to the Food Protection Committee of 
the National Research Council 
Appointed by the President to keep the Institute informed 
of the activities of this organization. An annual report will be 
made to the Council. 
Dr. John F. Mahoney, 
Jersey 


Merek & Company, Ine., Rahway, New 


Liaison Representative to the U. S. National Committee 
for the International Institute of Refrigeration 
This appointment to the Committee for the International 
Institute of Refrigeration is made by the National Research 
Council. At the invitation of the National Research Council, 
the President of the IFT nominates a member for considera 
tion and appointment is for a three-year term starting July 1, 
1959. An annual report is made to the Couneil. 
Dr. H. C. Diehl, Managing Director, Trans-American Refriger- 
ated Serviees, Ltd., P. O. Box 1275, Colorado Springs, 


Colorado 
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N. CALIFORNIA 


The high point of our August 18th meeting, held at 
the Far East Cafe in San Francisco’s famed China- 
town, was the most interesting ‘‘Travel Excerpts 
about Places and Foods,’’ presented informally to 
this attentive audience by Mr. Milton P. Duffy, Chief 
of the Bureau of Food and Drug Inspection, State of 
California. Mr. Duffy had just returned in May from 
an extensive world tour. 

The Port of Spain, Trinidad, was the first stop of 
their luxury liner. They 
music. This island has sugar, cocoa, nutmeg and 
spices; the latter are protected by shade trees from 
the hot sun. 


were greeted by Calypso 


Mr. Duffy spoke of the odor of coffee as you land in 
Rio de Janiero; of the sun-proofed Standard Oil 
building ; of the bank that had no front door. In the 
‘‘outer’’ part of Rio are to be found small factories 
as well as leopards, boars, and monkeys. This city is 
noted for its aquamarines and other semi-precious 
stones that are a tourist attraction. 

At Bombay, India, a high point was a visit to the 
Taj Mahal. In Bombay every drug store has a doctor ; 
here can also be seen the turkey fish that really looks 
like a turkey! Tapioca is found growing like mari 
juana. It is made into flour and paste and is used in 
making candy. 

On the Cape of Good Hope there are thousands of 
baboons as well as zebras that run for miles. Several 
ports were visited while the liner plied the Indian 
Ocean. Among these was Durban, one of several cities 
where chutneys could be found. At Durban there is 
a race track that goes over the highway 

At Zanzibar there is the strong odor of cloves—they 
are protected here by the shade of the palms. Here, 
too, cardamon can be found growing like peanuts; 
various other spices are found here as well as carrots, 
mangoes, greens and Modern 
dairies get their milk from the water buffalo as the 
cow is considered sacred. Vegetables grown and mar 
keted here are larger than those in the states; 
poverty, too. 

Ceylon has spices and tea, the latter of the camellia 
family. There are rubber plantations here, and the 
markets have only native foods. 

From Ceylon Mr. Duffy’s trip took him through the 
China Sea to Singapore (Chance Alley where one can 
buy everything cheap), Malay, through the Gulf of 
Siam to Bangkok (with marble and jade palaces as 
well as solid gold Buddhas and silks), Bataan, Manila, 
Kobe, Tokyo, Honolulu, then to Long Beach and back 
through the Panama Canal to New York. 

The evening’s business also included a discussion of 


well equipped 


rugs. 


much 


the Cruess Award and changes that are to take place 
in its size and seope. 

The traveling gold golf trophy was presented to Mr 
Dave Eolkin of Gerber’s. Recipients in tournaments 
past included both Mr. Lloyd Van Auken, also of Ger 
ber, and Mr. John Kilbuck, who is with Stange. Our 
next regular meeting will be October 20th. 

—Shirley V. Noland 
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a science 


The ability to create and produce a seasoning 


to meet your exact needs, plus the assurance 
that it is in compliance with Food Additive 
Laws—IS A SCIENCE AT STANGE. 
The ability and versatility to produce 
seasonings such as Soluble, Liquid, 50-A 
Microground” and Ground for all types of 
finished products 1S A SCIENCE AT = 
STANGE. 
The technical skill to control the flavor a. 
potency of each and every shipment to pre - 
cise specifications—IJS A SCIENCE AT 
STANGE. 
The talent to create ... the skill to 
produce .. . and the flexibility to fit your 
needs—JS THE MOTTO AT STANGE 
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WM. J. STANGE CO., Chicago 12, III. ; 
Paterson 4, N. J.—Oakland 21, Calif. 
Canada: Stange-Pemberton, Ltd., Toronto, Ont 
Mexico: Stange-Pesa, S. A., Mexico City 


50-A Microground Spice® NDGA Antioxidant” Ground Spice 
Cream of Spice Soluble Seasoning“ 
Peacock Brand Certified Food Color“ 
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Presents 
“THE WINNING TICKET” 


for your products 


“Our Research Laboratory is at Your Service" 


F. RITTER & CO. 


4001 Goodwin Avenue, Los Angeles 39, California 


Branches throughout the United States 


RITTER INTERNATIONAL 


Branches throughout the World 
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IN THIS ISSUE— 


TECHNICAL ARTICLES IN BRIEF 


Food technologist framing 


The food technologist—his training. HMrnest H. Wiegand. 


The food technologist is destined to assume an increasing 
role in our ever growing food industry. With the rapidly 
changing pattern of this industry trained graduates from 
our universities will be in great demand. However, it be- 
hooves us to see that our graduates are properly trained 
in the fundamental sciences and engineering that underlie 
food technology. We must recognize and accept the fact 
that industry will be critical and will demand that the 
men they employ are able to get along with their fellow 
man, assume their obligations as citizens, express their 
conelusions and convictions clearly, and have a faculty for 
diplomacy, tolerance and consideration. Technical train- 
ing is not alone sufficient for the business or professional 
man, The training of the food technologist will eventually 


culminate in a five year course. However, the present 
four year course, if properly developed for the student 
who does not wish to become a specialist, is adequate to 
meet his needs, so that he may be able to assume a position 
in one of several phases of the food manufacturing indus 
try. The number of men able to undertake specialized 
training will be limited, but it is the privilege and re 
sponsibility of the university or college to see that those 
who can contrbute most are properly prepared. (See page 


473). 


Core sampling methods Tuna 
Chemical composition of raw, precooked, and canned 
tuna. I. Core sampling methods. Clarence J. Carlson, 
Claude E. Thurston, and Maurice EF. Stansby. 
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HENRY H. OTTENS MFG. CO. 


129-31 South Front Street, Philadelphia 6, Penna. 
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SINCE 1884 


CULTURED BUTTER FLAVORS 
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The facilities of our laboratories and 
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STERLING 
SALT 


INTERNATIONAL 


“A STEP AHEAD IN 


Now—one high-purity salt is ideal for virtually all foods 
made today. The salt is Sterling Purified Salt, always more 
than 99.9% pure sodium chloride (less than 30 ppm cal- 
cium and magnesium, less than 0.2 ppm trace metals). 
Meat packers prefer it for a wide variety of operations, in- 
cluding curing, pickling, flavoring—and find it compatible 
with all phosphates. Canners like the way Sterling Purified 
Salt always protects food flavor, color and texture. Bakers 
use it in preparing the sponge. Food processors find it elim- 
inates any problem of oxidative rancidity in vegetable fats 
and oils caused by ordinary salts. The list could go on in- 
definitely—for Sterling Purified Salt is today’s superior salt, 
the salt that consistently upgrades fine products. Try it on 
your lines. To order, contact International's local represent- 
ative or the nearest district office: Boston, Buffalo, Charlotte, 
Chicago, Cincinnati, Detroit, Newark, New Orleans, New 
York, Philadelphia, Pittsburgh, St. Louis. Or write direct to 
International Salt Company, Clarks Summit, Pa. 
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SALT TECHNOLOGY” 
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FLAVOR 


... puts the "YUM" 


in your product! 


®@ Delight the palates of 
young pirates and their 
parents by adding Flavorex 
Rum Flavor to your 
product. Great for a hearty 
accent! Exquisitely exotic 
as an extra touch of flavor! 


Use Flavorex Rum Fla- 
vor in baked goods, con- 
fections, puddings, eggnog 
mixes, ice cream, and other 
foods. You'll be doubly 
rewarded these ways . . . 
perfect for your present 
formulas . . . helps earn 


consumers’ preference for 
your product. 


@ Flavorex Jamaica Style 
Rum is a flavor concen- 
trate of natural and syn- 
thetic esters produced in 
our own plant and blended 
by our masters of the art. 
Run a batch test. You'll 
discover that every fra- 
grant drop adds mellow 
tropical sunshine to your 
product. Write for free 
sample, or place a trial 
order today. 


Rum Flavor No. B224...$12 per gallon 


FLAVORE X co. inc. 


=| Better Flavors for Better Products 


FOOD TECHNOLOGY, OCTOBER, 1960 


Use of four %4-inch cores per fish gives results which are 
homogeneous with respect to protein and moisture content 
and probably are reasonably homogeneous with respect 
to most other components not associated with the oil of 
tuna. Fair reproducibility can be obtained using these 4 
core per fish samples when determining the oil content, 
although greater reproducibility can be obtained by using 
12 or more cores per fish. The core sampling method is 
not recommended for use in preparing samples for ran 
cidity tests such as the TBA method. (See page 477). 


Effect of inhibitors 
on apple tissue 


browning 


Effect of borates and other inhibitors on enzymatic brown- 
ing in apple tissue. II. Mechanism. Karakian Bedrosian, 
M. P. Steinberg, and A. I. Nelson. 


The mechanism by which borates inhibit enzymatic brown 
ing of apple slices was investigated. Both catechol and a 
purified polyphenol extract of apple were used as sub 
strate and a commercial phenol oxidase enzyme prepara 
tion was used as the catalyst. The reaction was allowed 
to proceed for 30 minutes at 25° C and the optical density 
measured at 430 mme. The point of maximum enzyme 
activity was at pH 7. Borate inhibition was increased by 
increasing pH of the system and by inereasing borate 
concentration, Sodium tetraborate and borie acid 
closely similar results as inhibitors as did eatechol and 
polyphenol apple extract as substrate. Increasing amounts 
of catechol added to a borie acid solution caused succes 
sive reductions in pH. Borate inhibited oxidation of 
catechol in absence of enzyme. Addition of borate caused 
1 decrease in the absorption by catcheol of ultraviolet 
light. Based on this evidence it was concluded that borate 
inhibits the browning reaction by forming a complex with 
the substrate and thus preventing oxidation. (See page 


Apparatus to study dry-heat resistance 
of mu roorganisms 


Thermal resistance of microorganisms to dry heat: design 
of apparatus, operational problems and preliminary re- 
sults. I. J. Pflug. 


An apparatus is deseribed that makes possible the study 
of the dry-heat resistance of microorganisms under con 
trolled conditions of time and temperature in the range 
300 to 380° F (149 to 193°C). The accuracy of the tem 
perature control system is = 1.0° F and time + 0.1 min 
ute. The lag correction factor of the sample cups has 
been evaluated as a function of gas flow for both air and 
superheated steam. The dry-heat resistance of spores of 
organism 5230 (similar to B. subtilis) to superheated 
steam has been determined and it was found to have an 
LD50.,, of 2.4 minutes and a z of 42° F. (See page 483). 


Food additives 


Recent progress in the consideration of flavoring in- 
gredients under the Food Additives Amendment. Richard 
L.. Hall. 


The action taken by the Committee of the Flavor Extract 
Manufacturers’ Association on approximately 1000 flavor 
ingredients is reported and an alphabetized list showing 


Flavoring ingredients 


the specitic action is provided. (See page 488). 
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Flavorful, quality, eye-appealing foods... 
INDUSTRIAL DIVISION 


naturally superior...when made with... CORN 


sugars, starches and syrups from PRODUC TS 


COMPANY 


WRITE OR PHONE Corn Products for expert technica/ assistance... 
helpful data on these fine products for the Food Industry: 
CERELOSE® dextrose sugar - REX” and GLOBE® corn syrups BUFFALO” HUDSON RIVER® and SNOWFLAKE®: starches. 


— CORN PRODUCTS COMPANY inousTRIAL DIVISION + 10 East 56 Street, New York 22,N. Y. 
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There's one sure Git color and 
flavor problem. Call, Kohnstami. 
They've been i answers 
in these fields 100 years. 
They ll know do for you. 


First producers of certified colors #. KOHNSTAMM & COMPANY, INC. Established 1851 
161 Avenue of the Americas, New York 13, WAtkins 9-7000 / 11-13 E. Lllinois St., Chicago 11, SUperior 7-6174 
2632 E. 54 St., Huntington Pk., Calif., LUdlow 5-1226 / in other cities consult the “Yellow Pages” 
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The Food Technologist—His Training’ 


For THE HONOR bestowed on me as 
this year’s Nicholas Appert Medalist, I wish again to 
thank the members of the Institute. 

It was suggested that an address was in order, on 
some subject of interest to this group, and on one with 
which | have been closely associated. In the present 
ever growing and changing pattern of the food indus- 
training the food technologist in the science, tech- 
in the 


try 


and engineering involved newer 
developments is becoming more and more important 
Food 


Technologist and His Training,’’ because of its great 


nology, 
| have, therefore, chosen the subject, ‘*The 


interest today and because of my long and close associ- 
ation with this educational field. 

During the years that your speaker has been as- 

sociated with food technology, it has been undergoing 

rapid This has 

, been especially true in the 

last 30 to 40 years, and it 

due to a 

industry, to 


changes. 


is mainly more 
enlightened 
changing laws, and to the 
body of knowledge made 
possible by a more exten- 
sive background of re- 


search. 


Fifty years ago, food 
preservation was still ear- 
ried on in a very erude 


manner. Much of the work 
of preparing products in 
the canning 
done by hand and was slow 


plants was 


Ernest H. Wiegand 


and often quite crude. Fortunately, labor was cheap 
or many of the COnLpanles could never have survived 
The greatest problem was finding information which 
would help to solve some of the daily problems en- 
products and to 


prevent the spoilage encountered in the processing of 


countered in the packing of new 
low-acid produets. 

Many of you present here today probably have had 
the opportunity to see the food industry grow out of 
the pre-Food Law period to the status it has now 
attained. This growth was the result of the efforts of 
ledicated men with energy and vision who did their 
own research though lacking the advanced instru- 
ments and equipment used today—yet with effective 
results—even as Nicholas Appert did in the early 
1800.’s. 

During these initial stages of the development of 
the food industry, there were few individuals who 
were trained to this field. Food Technology, 
still in its infancy, was not even recognized by its 


enter 


“The Nicholas Appert Award Address, the 
Appert Medalist for 1960, Professor Ernest H. Wiegand, at the 
Twentieth Annual Meeting of the Institute of Food 


gists, San Franciseo, May 18, 1960. 


presented by 


Technolo 
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Ernest H. Wiegand 


Appert Medalist, 1960 


present name. Courses in colleges dealt only ocea- 
sionally with the applications of science to foods, 
and these courses were found in many different 


departments. 


PIONEERING A NEW ERA OF HIGHER EDUCATION 
The 


professors in 


many suggestions made to me by my major 
early association with 
stimulated an interest 1 
ield. Years I was 


offered the opportunity to come to Oregon State Col- 


plus my 
the food industry further 


already had in this later, when 


lege and develop this type of education, no urging 


was necessary. 


On entering college work, I was faced from the 
very beginning with conflicts of departmental in- 
terest. Certain of the departments who were in- 
cluding some food work in their lecture courses did 


not feel they should give these up to us. The school 


of agriculture demanded that we incorporate certain 
subjects pertaining to livestock and related agricul- 


These 
obstacles to systematizing the teach- 
With constant striving, how- 
out, eliminated these peripheral 
and substituted fundamental science 

studies in our four-year curriculum. 
We iad made a major step in the early 
1920’s in the undergraduate training of men in food 
technology. We 


ginning, but we 


ture in our freshman and sophomore years. 
were some of the 
ing of food technology. 
ever, we finally won 
courses, more 
felt we 


realized that this was only the be- 
‘confident that future broaden- 
Early in our career, however, we 
those who felt 
study was too heavily dominated by scientific subjects 
and offered little opportunity for cultural study. As 
nstituted changes, but the need 


were ¢ 
ing would result. 


were criticized by that our course of 


rapidly as possible we 
for eurriculum analysis seemed never ending in a 
field where such rapid changes were taking place. 

A better understanding of the type of training that 
we felt best be given by briefly re- 
viewing the history of our present educational system. 


was desired ¢ai 
American colleges were originally English in charac- 
ter. Tutors were the rule and formal discipline was 
rather than scholarship. 
Shortly after 1750 the trend in America was toward 


emphasized professional 


scientifie and practical studies. The revolutionary 
war stimulated colleges that were secular in adminis- 
tration, gave free instruction, and prepared their 


to the state. 
tion of French educational views 


graduates for servic This was a reflee- 

By 1800 the professor had become a specialist rather 
than a tutor. The 
many attracted many scientists and 


stimulating atmosphere of Ger- 
scholars to study 
there, but before long graduate centers were organized 
in the United States. The elective system and coedu- 
eation followed, and the Morrill Act of 1862 stimu- 
lated the development of state colleges and universities 
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and, more especially, schools of agriculture. All of 
these developments were in the democratic tradition. 

The democratic tradition influenced American 
higher education in many ways. It removed the re- 
strictions to acquiring an education, and the principle 
of state support put higher education within the 
reach of the masses. One of the issues in higher eduea- 
tion which developed early was that between the tra- 
dition of culture and vocational or professional 
emphasis. Originally, colleges were for the select few, 
the economically and intellectually gifted, and offered 
vocational education, chiefly for the learned pro- 
fessions, with a cultural content. For the most part, 
college students of that early day were privately pre- 
pared for college. 

The publie school system led to college attendance 
by large numbers of students neither interested in 
nor qualified for the ‘‘learned’’ professions. As need 
for technicians in industry, business, or agriculture 
grew, it was appropriate to the American tradition, 
that they be trained in tax-supported schools rather 
than in private technical schools. New or growing 
professions increased the needs. ‘*‘ Apprenticeship,’’ a 
time-honored method of preparing youth for their 
vocations, gave way to private training institutions 
which soon developed into organized institutes and 
colleges. The small sequence of preseribed courses 
that characterized these colleges in the beginning 
curricula yielded to little better than a haphazard 
collection of ‘‘offerings.’’ Baccalaureate degrees 
could be obtained with but few social, philosophical, 
or literary studies represented in the credit require- 
ments for such degrees. 


A UNIVERSITY MUST DEAL WITH ISSUES 
VITAL TO THE TIMES 


The one principle that has emerged throughout the 
history of higher education, one that might well be 
remembered by any group planning a curriculum 
that is to be of importance to mankind, like food 
technology, is that the university flourishes when it 
deals with questions and issues vital to the society of 
the times. That the university must serve the public 
good is a truism as old as the university itself. When 
the university loses itself in five points of research 
that are of interest only to the school and slights 
investigations leading to the solution or alleviation of 
problems for the good of people, then it may expect 
to experience decline. 

Another principle emerging from this period is that 
the body of knowledge to be studied in the university 
cannot become static. There must be a constant 
process of revision and change to add new knowledge. 
Unless this is done, the university faculty, the uni- 
versity itself, rapidly loses its perspective and becomes 
inadequate, This has been especially true in scientific 
fields in the past and it is more true today than ever. 

The haphazard training of which I have spoken, a 
training resulting in the graduation of students with 
no common ground of discourse, with only a few facts 
and devices rather than basie understandings, led to 
bitter attacks by educational leaders of vision. Among 
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those leading the crusade for fundamental educational 
concepts during the past decade has been Robert 
Hutchins, former president of the University of Chi- 
cago. Without necessarily accepting his extreme anti- 
vocationalism, we can commend his emphasis on teach- 
ing students to think and to deal with ideas. Hutchins’ 
remarks indicate that the trend of engineering or 
technological education is now away from vocational 
courses, and towards increased emphasis on physics, 
chemistry and mathematics, thus suggesting that the 
feeling is growing that the best practical education 
is the most theoretical one. Modern educational 
leaders do not, however, preclude the educational 
value of experience. They realize that to get experi- 
ence in a specific field it is necessary to engage oneself 
in that activity. Thus, in professional education, we 
are likely to see the principle of internship which has 
worked so well in medicine, incorporated. 


THE UNIVERSITY WILL NOT SEEK TO TRAIN 
MERE PRACTITIONERS 


James Rowland Angell writing in American Educa 
tion stresses the fact that the period in which we are 
living and especially the more recent portion of it, 
has witnessed such a pushing forward of the frontiers 
of scientific knowledge, and such a revolution in the 
mastery of nature, as no previous epoch has remotely 
approached. This scientific surge has largely been 
engendered by discoveries following upon the process 
of intensive specialization. It has made the specialist 
himself a commanding figure in our scientific and 
intellectual world. An immediate result of this ten 
deney to specialize has been the departmentalization 
of educational procedure. Though specialization is 
justified in many respects and will go steadily for 
ward despite remonstrances, there is a erying need 
for a fresh synthesis of knowledge in the world of 
affairs, quite as much as in the world of theory. 

Probably many of you will recall the survey re 
ported in the 1941 Proceedings of the Institute of 
Food Technologists by Larry V. Burton, former edi 
tor of Food Industries, wherein he stated that manu 
facturers were clamoring for men of culture, those 
who could get along with their fellow men, who were 
at ease with the president of the organization and who 
were, additionally, ‘‘regular fellows’’ with those whose 
occupations were rated far down the scale of skills in 
the plant. 

This was not an unusual point of view, as was 
brought out by Paul Hanus in an article in the Jour 
nal of Higher Education in 1940. Quoting him, ‘* To 
my mind, general culture, so far as it can be secured 
through instruction, means specialized knowledge and 
skill in some one field of the resources of our eiviliza- 
tion, literature, history, government, economics, 
science, or art, and sufficient knowledge in the fields 
of those same resources, as will tend to develop an 
appreciation of their significance to society. It mat- 
ters greatly if his specialty does not lie in the field of 
social studies, or in the humanities, that his choice of 
work outside his specialty includes studies from those 
fields. From the humanities just because they are 
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Main control panel at new Redpath Sugar Refinery—designed from individual process panels located throughout the plant 
and built by The Foxboro Company, Limited. Process data are also recorded here. 


Foxboro control selected for yw" 
new Toronto sugar refinery =. dine 


“We liked Foxboro’s policy of ‘intelligent’ automation” st 


Canada and Dominion reports 


Raw cane sugar in at one end, packaged sugar out the other. That’s the 
operation at Canada and Dominion’s new, 15 million-dollar, 2800 ton-a-week, 
Redpath Refinery in Toronto. 
For instrumentation, Redpath selected Foxboro. “We liked their policy of 
automation as a means to an end — and not an end in itself,” the company 
reports. “As a result automatic control went in only where it could be New 15 million-dollar Redpath Sugar Refin- 
justified by smooth, uniform, lower-cost production.” ery was ready to start operation the day the 
Foxboro’s coordinated service at Redpath involved the selection and inte- first sugar vessel arrived in Toronto through 
gration of special primary sensing units, design and manufacture of control oe bees eee. ane wy 
instrumented refinery has a capacity of 2800 
panels, supply of hundreds of Foxboro instruments and valves, selection and short tons a weck — can be expanded to 
training of an instrument maintenance group, as well as coordinating the final 5,600 tons. 
testing and start-up of the installation. 
Complete process, or a single loop . . . in the United States, or abroad .. . 
this is the kind of service you can expect when you specify Foxboro Instrumen- 
tation. Ask your Foxboro Field Engineer for full details — or write The Ox BOR 


Foxboro Company, 3510 Norfolk Street, Foxboro, Massachusetts. REO. U8. Par. OFF. 
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humanizing and from the social studies because of 
their value in his equipment as a citizen, no matter 
what his future career may be, be it teaching Greek, 
or working in publie service, or in business, or in- 
dustry. The university will not seek to train mere 
practitioners. It will seek to provide training for 
eadership in the future career of the student. No 
part of the work of the university is more important 
than training for citizenship. Our democracy re- 
juires leadership and the enlightened cooperation of 
all citizens. The university will try to do all it can to 
prepare its graduates for such leadership and co- 
operation. Social studies must have a prominent 
place in the scheme of studies, a place second to none. 
The serious pursuit of these studies, well planned, 
with good teaching must include as much contact with 
actual government especially local government, and 
as much study of industrial concerns as possible. Not 
merely occasional visits to the city hall, or com- 
mercial houses, but so far as possible, a real study 
f how local and state office holders do or do not, 
adequately and conscientiously discharge their re 
sponsibilities, with a similar real study of the policies 
and procedures of industrial plants and commercial 
enterprises. ’’ 

As a result of these and other criticisms, there has 
been a tendency to stem the disintegration and indi 
vidualization of studies in the elective system by 
introduction of some common courses In contemporary 
civilization, the humanities, and the sciences for 
orientation or synthesis. Here again care must be 
taken lest the student fails to get a well rounded pic 
ture of the world about him. It has been true that 
students, in the whole of the educational process 
have failed to be brought up to date. In history or 
literature, for example, the whole of their exposure 
may have been to past persons and events, with no 
opportunity to learn of the work and significance of 
the present. The implications of the tendency to cor 
rect these failures would seem to be that the modern 
university, or college, is recognizing a responsibility) 
for the education of its students, in the sense that 
each, at some point in his educational career, must 
be brought to a realization of the bearing of his own 
special field of study, whether it be law, medicine, 
engineering, or teaching, on the social and intellectual 
life of his day. The modern university must dig deep 
into contemporary life, thereby, not only transmitting 
eulture but also recreating it in accordance with the 
demands of a changing civilization. 

From I. J. Kandel on the ‘‘ Problems of the Univer- 
sity’’ reported in The Educational Forum, 1938, we 
have this line of thought: ‘‘If danger of specialization 
is genuine, the distinction upon which the universities 
have prided themselves between academic and voca- 
tional or professional, between pure science and 
applied science, between speculative and practical, 
must break down and the two aspects be conducted 
side by side, each invigorating the other. 

The first function of the university, is to put the 
student in the way of acquiring a knowledge and a 
mastery of his own field of study. It must go beyond 
this and train the student not merely to acquire 


knowledge, but to understand its practical suggestive- 
ness for life, and to appreciate the directions in which 
further advancement is needed. Too often university 
professors have forgotten that the printing press has 
been invented, and spend their time in the mere repe- 
tition of what may be found in books. The interpre- 
tation of that knowledge which is established, the 
appreciation of the unexplored; these should be the 
chief concern of the instructor in the class room.’’ 

It would be unfortunate for me to discuss with this 
group the details of setting up a food technology cur- 
riculum, pointing out all the courses which I feel 
would be essential in the light of the criticisms which 
[ have pointed out other educators have indicated re- 
garding curriculums in university training. In view 
of the fact that the Institute of Food Technologists 
through its committee on education is now engaged 
in developing a program to improve the curricula in 
food technology, I would not wish to injeet my views 
on the details of such a program. However, I do feel 
in the light of the criticisms which have been made 
that careful consideration of these points be taken in 
preparing a program which colleges and universities 
would accept. 

It is agreed that a broad background as conceived 
by some would require time in any professional 
course. Four years seems inadequate for cultural 
training plus the fundamental background the food 
technologist must have. The trend in some institu- 
tions toward a five year curriculum in some profes- 
sional courses is a worthy one. A preliminary study 
of the fundamental sciences for a bachelor’s degree 
for the food technologist before major work in this 
field, would broaden his training and give him an even 
better background 

As educators, we may often lose sight of the stu- 
dent’s problem, however. His primary interest may 
be the field of food technology, but personal cireum- 
stances prevent him from spending more than four 
years in college. This may not apply to all students, 
but the percentage who are unable to prolong their 
education beyond four years, is many times greater 
than those who can. Bearing this in mind, it seems 
essential that we try to pattern our program to better 
fit the majority who have limited time to complete 
their education, thus providing trained manpower for 
our industries. 

For qualified students the program can be extended 
even beyond the limits now set. In many cases these 
students are doing their work on scholarships or fel- 
lowships which makes it possible for them to prolong 
their education and obtain higher degrees. 


THE IMAGE OF A FOOD TECHNOLOGIST 


The diseussion thus far has been most general. A 
little more detail on educating the food technologist 
may clarify the ideas | wish to emphasize. First, let 
us say the food technologist must be trained in the 
basic scientifie principles upon which food technology 
is founded. He should be well versed in chemistry, 
physies, mathematics, bacteriology, and engineering. 
Manufacturers of food products are overwhelming in 
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their stress on the importance of these foundations. 
This is demonstrated in the model curriculum de- 
signed in 1958 at the Allerton House Conference 
sponsored by your committee on education. Also, let 
us be sure that the food technologist has had enough 
bacteriology to deal with the problems of sanitation 
and the actions of microorganisms in food. He must 
be a chemist to understand the many reactions that 
take place during the processes applied to food in 
manufacture, His engineering background should be 
adequate for him to understand preservation by heat, 
refrigeration, dehydration, and radiation. His train- 
ing in this field need not be as extensive as that of 
the student majoring in engineering; vet he should be 
able to recognize certain signs and symptoms indi- 
eative of operational irregularities in the plant. In 
addition, the food technologist should have a knowl- 
edge of the basie principles of human nutrition and 
of food preservation as well as the underlying basic 
problems concerning food manufacture. 

Even the four year student should have some train- 
ing in research and development methodology and its 
literature since a large part of his work will relate to 
new developments. If he is employed to develop new 
products or even improve those then being manu- 
factured, he will need such training. Usually such 
work is presented in the senior year, after a thorough 
course study in the fundamental sciences. 

The demand for food technologists is for those with 
enquiring minds, imagination, practical ideas, and 
limitless persistence. The importance of a training in 
research, is superseded only by his training in the 
humanities and in the fundamental principles of 
science. 

To round out the training of the food technologist, 
he should be subjected to courses in accounting in 
order that he may be able to interpret the profit and 
loss record accurately, to courses in business organiza- 
tion, management and law so that he will be con- 
versant at least with the problems of the manager 
and enough instruction in salesmanship to understand 
the problems of placing produets before the publie. 

Another point I wish to stress is the invaluable 
education a student would receive by being properly 
placed in a food plant where management would see 
his potentials and become interested in his education. 
It is our belief that not less than two summers should 
be spent in this manner and preferably more. Prior 
arrangements should be made with management in 
such a plant so that the student may move about and 
participate in the work of different departments even 
assuming a share of the responsibility, thus enabling 
him to become acquainted with the tasks and the 
obligations of different positions. 

Reports upon his work from management should in- 
elude his aptitude, his ability to get along with others, 
and his efficiency. His own evaluation of the work he 
did should be reported, ineluding his reactions as to 
the efficiency of the plant set-up, labor problems, sani- 
tary procedures, and general operating conditions. 
plant improvement 


His suggestions for possible 


should be ineluded. 


To encourage the student and to assist in his pro- 
fessional development, plant seminars have been sug- 
gested. I think this well worthy of consideration. It 
will stimulate the student to develop ideas, to see the 
problems—and to make a real effort to find solutions 
even though not particularly encouraged to do so by 
management directly over him. Too often when the 
student has left the plant, the situations he encoun- 
tered have lost their importance to him, and he does 
not follow through to a satisfactory conclusion in his 
own thinking. 

Students should be encouraged to attend 
meetings of industry and conventions or even schools 
held by processors. In this way, they gain valuable 
information and at the same time, meet and learn to 
know the men important in the field which they may 
wish to follow. 

There are among our students those for whom we 
must assume some responsibility. They are the stu- 
dents who do not have the financial background to 
continue through a four year course of study; yet 
they have an interest and aptitude for this field of 
work. For these, training in one of the operational 
branches of vocational food technology would be 
desirable. These men could take courses dealing with 
the applications of chemistry, physics, bacteriology, 
and engineering. The applications of these sciences 


open 


are essential for him to understand if he is to converse 
intelligently with thoroughly trained men directing 
the over-all work of the plant. Voeational study 
would cover a two year period, and the student com- 
pleting it should receive a certificate. Here, the broad 
cultural training would not apply. 


IN SUMMARY 


To summarize, the food technologist is destined to 
assume an increasing role in our ever growing food 
industry. With the rapidly changing pattern of this 
industry trained graduates from our universities will 
be in great demand. It, however, behooves us to see 
that our graduates are properly trained in the funda- 
mental sciences and engineering that underlie food 
technology. We must recognize and accept the fact 
that industry will be critical and will demand that the 
men they employ are able to get along with their 
fellow man, assume their obligations as citizens, ex 
press their conelusions and convictions clearly, and 
have a faculty for diplomacy, tolerance and considera- 
tion. Technical training is not alone sufficient for the 
business or professional man. 

The training of the food technologist will eventually 
culminate in a five year course. However, the present 
four year course, if properly developed for the stu 
dent who does not wish to become a specialist, is ade- 
quate to meet his needs, so that he may be able to 
assume a position in one of several phases of the food 
manufacturing industry. The number of men able to 
undertake specialized training will be limited, but it 
is the privilege and responsibility of the university 
or college to see that those who can contribute most 
are properly prepared. 
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Core Sampling Methods ° 
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Ix stupYING the differences in 
composition of tuna at various processing stages, the 
problem arose as to how representative samples could 
mutilating the entire fish and 
In commercial 


be obtained without 
rendering it unsuitable for canning. 
tuna canning, the raw, butchered fish is given a pre- 
eook, and the edible light meat is separated from skin, 
and dark meat. The light meat, in the form of 
placed in cans with certain 
additives, and heat processed. It is de- 
sirable to obtain a representative sample from the 


bone, 
tuna loins, is then sliced 
sometimes 


original, raw fish of those portions which will even 
tually end up in the can for analyses of various 
components such as general freshness, degree of ran- 
‘idity, or proximate composition. 

Core sampling provides a means of taking from the 
raw tuna small portions at various locations and by 
selection of the sampling points, the sample can be 
taken to avoid bone or dark meat so as to be typical of 
the light meat which will end up in the can. A series 
of experiments was therefore carried out to determine 
whether a simple core sampler (2) would give suffi- 
ciently homogeneous samples to be used for accurately 
carrying out several subsequent analyses including 
proximate composition, sodium and potassium, total 
volatile base (a freshness test), and tests on the oil 
by the thiobarbituric acid method for raneidity and 
for free fatty acid. It was realized that variation of 
some of these constituents from one part of the fish to 
another might be much greater than that for others. 
Thus, a simple coring procedure might work well for 
some analyses and be almost valueless for others. The 
primary purpose of this work was to evaluate the 
possibility of using such a coring method for sampling 
for various determinations. Some incidental 
work was done on minor modifications in the way in 
which the core sample was taken. 

No attempt made in this work to 
determine the size of sample needed to be representa- 
in a well on a tuna vessel). 


these 


whatever was 


tive of a given lot (e.¢., 


EXPERIMENTAL METHODS 


structure of a tuna-like 
The dark meat is found near the cen 


The distinctive fish is shown in 


cross-section in Figure 1. 


* Presented at the Twentieth Annual Meeting of the Insti 
tute of Food San Franeciseo, California, May 
16, 1960. 

*A laboratory of the Division of Industrial Research and 
Services, U. S. Fish and Wildlife Service, Department of the 
Interior. 


Technologists, 


Clarence J. Carlson, 

Claude E. Thurston, and 

Maurice E. Stansby 
Technological Station and Technologi- 


cal Laboratory,” Bureau of Commercial 
Terminal Island, California, 


Fisheries 


and Seattle, Washington 
ter and is surrounded by the light meat. Two sets of bones 
extend from the spine at right angles to one another, dividing 
the flesh into 4 parts called ‘‘loins.’’ This structure required 
a minimum number of 4 cores for a representative sample 
(Figure 2 For a large fish, more samples could be removed 
but 6 would probably be adequate. Many sizes of commercial 
plug-eutters were available, but only two were sele ected. They 
were % and 1 inch in diameter, by 2 and 144 inches in length, 
respectively. Sizes beyond these limits were considered too 
small to be readily handled or so large as to damage the fish 


for further use. 
Collection and storage of specimens. 
limited to the size fish they presented the greatest 


obtainir 


This investigation was 
small 


g representative samples. Three series of 
fish were collected ranging from 7 to 12 lb in weight with an 
average of about 9 lb. They purchased in January, April, 
ind August 1959, and represented different species as well as 
different preservation on 


board the vessel. 


difficulty in 
were 


areas of capture and methods of 
I 


There wa 
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Figure 1. Cross section of 
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Figure 2. Lateral view of a tuna—position of cores. 
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TABLE 1 
Effect of number of cores per fish on reproducibility of various analyses of tuna 


| 


No of No of 
emp fish per me cores from Mc is ture c il 
1 1 ( 12 73.2 1.53 
k 0 73.2 1.36 
1 Cc 12 74.0 1.33 
E 0 1.8 1.21 
1 76.9 0.42 
} 76.7 0.61 
4 1 ( 4 74.4 0.72 
) 75.6 0.45 
i 74.9 70 
74.1 0.45 
6 l ‘ 4 72.8 1.75 
I 0 73.2 1.86 
7 t ( 12 74.5 0.69 
} 74.6 0.72 
8 ( 4 74.2 1.02 
I 0 73.5 1.02 
Average ( 74.4 0.96 
E 74.2 0.93 
( Core sample 
I Remaining edible flesh 


in this preliminary study the influence of season, species, area 
method of 


specimens 


composition of 
that 


of capture, or preservation on the 
the fish. The 
condition, and held at —10° F 


Preparation of samples. The 


were frozen, if not reeeived in 
until processed. 


fish were stored overnight in 


a refrigerator in order to bring the temperature to about 25° F. 
An attempt was made to remove the samples when the flesh 


and 30° F, the operating range 
The plug cutter was used to remove 


temperature was between 26 


employed in the canneries 
cores of the desired size and number from the fish after which 


the remaining light meat was removed. If the plug was not 


withdrawn by the eutter, a wire spoon was used to eut it free 
at the bottom and remove it from the fish. After removal, 
samples were kept under refrigeration in frietion-top cans 


while suecessive specimens were processed. As each sample was 
taken from the fish it freed 


viscera with it. 4 composite samples were each 


was bones, skin, or 


The 


until homogeneous in consistency ; 


from any 
removed 
ground in a food chopper 
portions were then sealed at atmospherie pressure in '%4-lb cans, 
frozen, and stored at —10° F. 
Methods of analysis. Hach 
constituents: (1 


for the 
proximate composition, 


sample was analyzed 
groups of chemical 
including moisture, oil, protein, and ash; 2) the mineral con 
stituents sodium and potassium; and (3) constituents reflecting 
the quality or state of preservation, namely, total volatile base 
(TVB), the thiobarbituric acid test (TBA) for raneidity, and 
free fatty acid in the oil (FFA) (not included in series 1). 
Moisture, oil, protein, determined by using 
standard procedures of the Association of Official Agricultural 
AOAC) for fish (1). 
Sodium and potassium values were obtained with a flame pho- 
using from the ash 
extraction with dilute nitrie acid, and diluting to appropriate 
The total volatile base was determined by the dis- 
tillation procedure of Sater 
(4). The thiobarbituric acid test was made according to the 


and ash were 


Chemists and other marine products 


tometer solutions prepared residues by 
volume (5), 


Stansby, Harrison, Dassow, and 
The values are 

ver cent absorption per em of solution (EiGn). Free 
tf d values were determined by the method of the Ameri- 
Society (AOCS (3). 


procedure of Yu and Sinnhuber (6). 


ean Uil Chemists’ 


RESULTS AND DISCUSSION 
An experiment was carried out to determine the 
number of cores per fish which would be required to 
obtain sufficiently representative samples. In this 


Thiobarbi 


Total turk 
Protein Ash Sodium Potassium volatile aside toad 
N Mg % Me % base 
Mg N/100¢ EB ice 
27.0 1.51 200 700 a9 0.32 
27.4 1.45 280 560 90 0.20 
28.2 1.41 250 390 90 0.39 
26.6 1.41 240 650 90 0.18 
23.4 1.453 150 110 87 0.27 
23.3 1.37 120 330 124 0.38 
24.7 1.49 130 330 17 0.69 
24.7 1.48 120 330 42 0.11 
24.5 1.47 110 360 148 1.32 
25.2 1.46 150 330 158 0.16 
25.¢ 1.54 110 310 15¢ 1.48 
25.0 1.40 110 320 12 1.1 
24.4 1.51 120 340 Ise 0.11 
24.2 1.44 150 310 148 0.08 
24.6 1.44 120 20 154 12 
25.1 1.42 150 270 151 15 
25.0 1.46 139 166 121 0.43 
25.1 1.43 163 5 127 0.24 


experiment in some samples four 1l-inch cores were 
taken from one side of a fish; in other cases six 1-inch 
cores were taken from each side of the fish (Figure 2 
Thus a comparison was made of results in which four 
vs twelve l-inch cores were used per fish. In this first 
experiment, in some cases, the cores from individual 
fish were analyzed separately (i.e., composites of cores 
from one fish) and in other instances composites of 
cores from 6 fish were analyzed. Results of this ex 
periment (Table 1) indicate that for most determina 
tions sufficiently representative samples are obtained 
when only 4 cores per fish were taken and with little 
or no improvement in precision resulting from the use 
of 12-core samples. A comparison of the results on the 
edible flesh minus the cores (E) which may be con 
sidered the ‘‘correct value’’ with those on the core 
sample (C) gives a measure of the reproducibility 
An exception is noted in the case of the thiobarituric 
acid test for rancidity where much more reproducible 
results were obtained for the 12-core samples. Even 
here the reproducibility was not good. 

A second experiment was carried out employing 4 
cores per fish throughout but using in some cases 1 
inch cores, inother cases 34-inch cores. In this series 
an additional analysis, free fatty acid of the oil, was 
inciuded. The different sized cores were taken from 
alternate sides of the fish, the %4-inch core from the 
right side and the 1-inch core from the left side. In 
this experiment it was assumed that there was no 
difference in composition of the left or right side of 
the fish. This was probably the case for most of the 
analyses. Perhaps the salt content may have varied 
since the salt content in tuna frozen in brine depends 
partially on their position at time of freezing with 
respect to other fish (e.g., where 2 fish freeze close 
together, salt penetration will be greater on the sides 
exposed to the brine than in the sides touching each 
other). 
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.DUPLICATES REAL 


EEF 
FLAVOR 


Now leading manufacturers are replacing 

' costlier materials and getting better flavor 

2 aa with MAGGI’s Hydrolyzed Plant Proteins. 

MAGGI’s cleaner, clearer, meatier flavor is 

= always uniform. Its flavor is constant under all pro- 

cessing methods and it effects substantial savings 

at in costs. This superior flavor is always 

dependable without variations in quality and 

taste. There are MAGGI’s Hydrolyzed Plant 

Proteins that are perfect for use as basic 

flavors for beef, pork, veal, fowl or fish — to 

reinforce meat extracts and broth and as 

prime ingredients in soup and gravy bases. 

Technologists, who have developed the unique 

process for producing Hydrolyzed Plant 

Proteins, are available to assist you in your 

formulations. Write for free samples and 

4-BE and 4BE-2 for BEEF FLAVOR a 

3H-1 for VEAL or PORK FLAVORS data to: The Nestlé Company, Inc., 

3H-3 and 3H3-4 for FOWL or SEA FOOD Bulk Division, White Plains, New York. 
Available in Liquid, Paste or Powder Form 


HYDROLYZED PLANT PROTEINS 


<i Prepared by the makers of world famous MAGGE Seasoning 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, 


MORE THAN A SUBSTITUTE 
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Problem...Starch waste 


dispos 


2 


Solution... RHOZYME DIASTATIC ENZYMES 


If you’re looking for a way to make the disposal 
of starch wastes easier, investigate the action of 
RHOZYME diastatic enzymes. These enzymes hydrolyze 
starch, and make it more soluble and more amena- 
ble to subsequent breakdown by microorganisms. 


Facilitating waste disposal is only one of the many 
ways in which RHOZYME diastatic enzymes can be 
used industrially. Their liquefying, saccharifying, or 
modifying actions on starch are also useful in proc- 
esses such as: Processing of Precooked Cereals 
—by permitting higher-solids processing without 
raising viscosity and thereby increasing drum-dryer 
capacity. Recovery of Sugar from Candy Scrap 
—by liquefying the starch and thereby permitting 
color and flavor removal at higher solids levels. 
Production of Corn Sirup—by saccharifying corn 
starch to make sweet, non-bitter sirups. Bread- 
Making—by modifying bread starch for better 
texture, grain, and shelf-life. Production of 
Chocolate Sirups—by lowering viscosity so that 
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high-solids sirups pour readily. 


Additional uses include . . . preparation of ferment- 
able sugars from grains, corn, or potatoes... any 
type of starch conversion where high concentrations 
of maltose and dextrose are desired ...starch modi- 
fication for paper coatings and adhesives... and 
the production of cold-swelling laundry starch. 


Write to Dept. SP-25 
for samples and 
technical literature. 


Chemicals for Industry 
FRI ROHM HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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CHEMICAL COMPOSITION 


TABLE 2 
1”) on reproducibility of various 


Effect of core size (34” or 


OF RAW, PRECOOKED AND CANNED TUNA. I. 


analyses of tuna 


Moisture Oil Protein Ash Sodium Potassium TVB TBA FFA as oleic 
Sample Part % % % Mg % Mg % Mg N/100¢ /em Ne 
No! used = 
1 ( 70.3 70.1 1.99 1.76 26.4 27.1 2.46 26 968 509 320 98 1:40 0.38 12.3 6.1 
E 70.0 69.7 2.36 2.32 26.4 26.4 2.55 2.58 642 677 354 t 33) (0.24 10.0 ll. 
2 ( 69.8 69.5 1.88 2.22 27.0 27.5 2.16 2.20 471 482 i773 372 14.0 11.4 0.36 0.28 5.5 
k 69.2 69.0 2.64 1.16 26.7 26.6 2.58 18 643 611 349 358 10.1 14.4 0.33 0.44 5.8 
3 ‘ 69.8 69.4 2.05 9 48 26.7 6.5 > 26 2.52 540 642 150 62 0 9.0 0.44 0.35 5.5 
} 69.5 69.2 2.45 2.80 26.6 26.7 269 2.69 685 673 342 56 13.8 12.0 0.33 0.36 4.5 
4 ( 69 69.3 2.58 5.60 27.2 26.7 1.96 2.10 4163 478 346 0 10.5 11.9 1 0.18 | 6.4 
k 69.1 68.8 3.32 79 26.4 26.5 2.29 2.28 548 51 348 61 19.6 10.7 14 0.18 9.6 
Average ( 69.8 69. 2.13 2.52 26.8 27.0 21 62.27 15 528 347 58 9.8 10.8 0.38 0.31 7.4 
E 69.5 69.2 2.70 , 02 26.5 26.5 2.50 5 630 626 348 4 11.2 12.4 0.28 30 7.5 
Each sample represents 6 fish 
Core 
k Remaining edible flesh 
TABLE 3 
Reproducibility of various analyses using four 34-inch cores per fish 
Reproducib 
Analysis Expressed as deviation from true value 
Component Units Sample No 1 Sample No 2 Sample N Sample No 4 Average 
Moisture % 0.6 0.9 1.6 0.7 1.0 
Protein 0.4 0.8 1 0.8 1.3 
Oil % 8 24 8 27 23 
Ash % 0.8 5.7 11.f 9.7 6.8 
Sodium Mg % 7.3 11.6 10.9 13.9 10.9 
Potassium Mg % 3.7 1.9 7 4.2 3.4 
Total volatile base Mg N/100¢g 1.3 10.4 8 15.9 7.8 
Thiobarbituric acid 176 432 217 258 
Free fatty acid % as oleik 5.2 0 15.8 6.0 6.8 
Each replicate sample represents 4 cores per fish from 6 different fish 
The true value is taken as the value obtained on the composited white meat after the removal of the cores 


The results obtained with the two different sizes of 
cores (Table 2) indicate that except for the thiobarbi- 
turic acid test for rancidity, about equally good re- 
sults are obtained with the 34-inch or 1-inch sized 
cores. 

Results in Table 3 indicate that the use of a 4-core 
sample gives reproducible results for moisture and 
protein analyses, reasonably reproducible results for 
potassium, ash, free fatty acid, total volatile base, and 
sodium, fair to poor reproducibility for oil content, 
and very poor reproducibility for thiobarbituric acid 
These degrees of reproducibility are 
doubtlessly with the variability of the 
content of these components from one part of a fish to 
another, and they are in line with the anticipated 
variability. Thus the TBA values are dependent both 
upon chance occurrence at the point of coring of 
layers of oil and of oil which has been exposed to air 
Oil is the 
component of fish which shows the greatest variability 
from one part of the fish to another. We would thus 
expect TBA values as well as oil content to vary the 


determination. 
-orrelated 


or is otherwise susceptible to oxidation. 


greatest for core samples taken at different points in 
the fish. Protein and moisture content would be ex- 
pected to vary from one part of the fish to another the 
least of any of the components measured and the 
reproducibility of protein and moisture is reasonably 
high. 
CONCLUSIONS 

Use of four *4-inch cores per fish (taken as shown 

in Figure 2) gives results which are homogeneous with 


content and probably 
with to most 
other components not associated with the oil of tuna. 


respect to protein and moisture 
are reasonably homogeneous respect 
Fair reproducibility can be obtained using these 4- 
core per fish samples when determining the oil con- 
tent, although greater reproducibility can be obtained 
by using 12 or more cores per fish. The core sampling 
method is not recommended for use in preparing sam- 
ples for rancidity tests such as the TBA method. 
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Effect of Borates and Other Inhibitors on Enzymatic 


Browning in Apple Tissue. II. 


Mechanism° 


Manuscript received April 18, 1960) 


B. RATES HAVE BEEN SHOWN (1) to 
act as inhibitors of enzymatic browning of apple 
slices. It was stated that they probably functioned by 
forming a complex with polyphenols at the di-OH 
grouping which is the site of the enzyme-catalyzed 
oxidation causing the darkening. 

The reaction of borie acid with polyhydroxy and 
related compounds is well known. The ability of 
mannitol to render boric acid more acidie forms the 
basis of an analytical determination for boric acid (6). 
The prineipal requirement for reaction with borate is 
that the hydroxyl groups must be adjacent and cis. 
Compounds with more than two hydroxyl groups re- 
act more strongly, and the intensity of the reaction 
inereases with increasing number of adjacent hy- 
glycerol, erythritol, arabitol, and 
mannitol, successively (6). It has been shown that 
ortho-polyhydroxy compounds (catechol, 
react strongly with boric acid (2). 


droxyl groups; i.e., 


aromatic 
pyrogallol, ete.) 

The following changes have been noted in the na- 
ture of the polyhydroxy compound after reacting with 
borate; increased acidity, change in optical rotation 
and light absorption, and decreased oxidation of 
mono- and disaecharides by alkaline copper solu- 
tion (3). 

This last-mentioned effect, decreased oxidation of 
the substrates, is the focal point of this paper. Studies 
were conducted to elucidate the mechanism by which 
borates inhibit enzymatic browning of apple. 


MATERIAL AND METHODS 
Preparation of polyphenol extract. One kg of apple slices 
was steam blanched for 7 min to inactivate the phenolyoxidase 
enzymes. The slices were cooled in tap water and blended with 
300 ml iee water for 2 min in a Waring blender. The puree 
was filtered through cheesecloth and 2 volumes cold (—40° F 
acetone added to the liquid to precipitate proteinaceous mat 
ter. The precipitate was removed by filtration and the filtrate 
heated to drive off the acetone. The cloudy suspension was 
cooled and filtered. Neutral lead acetate was added to precipi 
tate lead polyphenolate. This was separated and taken up in 
M sulfurie acid. The lead sulfate precipitate was removed by 
filtration, the pH of the filtrate was adjusted to 5.0 with 
N NaOH and it was then stored in the refrigerator. 


* Presented before the Nineteenth Annual Meeting of the 
Institute of Food Technologists, Philadelphia, Pa., May 18, 
1959. 

» Submitted in partial fulfillment of the requirements for the 
Ph.D. Food Technology, University of Illinois, 
Urbana. 

© Present 
poration, St. Joseph, Michigan. 


degree in 
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Enzyme preparation. Five mg of a commercial phenol oxi 
dase preparation (K and K Laboratories, Long Island, N. Y.; 
300 units/mg) were dissolved in 25 ml distilled water 

Absorption measurements. The General Electric Automatic 
Recording Spectrophotometer was used to obtain the absorp 
tion spectra of eatechol and oxidized 
extract. All other optical density determinations were made 
with the Coleman Universal Spectrophotometer Model 14 at 
430 mme. 

General assay procedure. As a result of experimental work 
to be presented, the following procedure was developed for de 


oxidized polyphenol 


termination of color formation in reaction mixtures: To 10 ml 
of pH 7.0 citrate-phosphate buffer, add either one ml of 0.005 
M eatechol solution or 3 ml of the polyphenol extract. Add one 
Let the reaction proceed 


for 30 min at 25° C and measure the optical density at 430 mme 


ml of the enzyme solution and shake. 


RESULTS AND DISCUSSION 


Development of assay procedure 

Absorption spectra. Both the oxidized catechol and 
oxidized polyphenol extract showed an absorption 
peak at 430 mme. This agrees fairly well with the 
wave length of maximum absorption reported pre- 
viously (5). Therefore, it was decided to use this 
wave length in measuring the extent of browning. 

Enzyme concentration. A series of enzyme solu 
tions varying in concentration from 0 to 60 units/m! 
was prepared. One ml of 
added to a mixture of 3 ml polyphenol extract and 6 
ml buffer. The optical density was read after 1 hr 
From the data plotted in Figure 1 it was concluded 


each concentration was 


that the enzyme was not limiting when solutions of 48 
to 60 units/ml were added to the reaction. Therefore, 
it was decided to use 1 ml of an enzyme concentration 
of 60 units/ml. 
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CONCENTRATION OF ENZYME SOLUTION (UNITS/ML.) 
Figure 1. The effect of phenol oxidase concentration on 


the oxidation of polyphenolic extract. 
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ENZYMATIC BROWNING IN APPLE TISSUES 


Buffer pH. (itrate-phosphate buffers were prepared 
to cover the range pH 3 to 8 in one-unit steps; glycine 
buffers were adjusted for pH 9 and 10. To 10 ml of 
each buffer solution was added 1 ml of 0.005 M eate CATECHOL 
chol followed by the addition of 1 ml enzyme solution. " 
In another series of buffer solutions 3 ml polyphenol 
extract was added in place of the catechol. The re 


DENSITY 


action time was 1 hr. The results, Figure 2, showed 


AL 


CATECHOL PLUS 


Ic 


this commercial enzyme preparation to have a maxi- scone TeTRasonate 


PT 


mum activity at pH 7 in catalyzing the oxidation of 
both catechol and the phenol extract. 


8 
rH 
Figure 4. The effect of pH on the sodium tetraborate in- 
hibition of phenol oxidase catalyzed oxidation of catechol; 
reaction time thirty minutes. 


CATECHOL 
described above under Buffer pH. A duplicate series 
was also prepared except that 1.0 ml M sodium tetra- 
borate (STB) was added before the enzyme. The 
optical density it each pH is shown plotted in Figure 
4. For each series, the OD varied with pH, showing a 
maximum point at pH 7. At pH levels of 5 and above 
the reactions containing STB showed lower optical 

PH densities, i.e. less browning, than did the control oxi- 
Figure 2. The effect of pH on phenol oxidase catalyzed dations. Moreover. the protection against browning 
oxidation of catechol and polyphenolic extract; reaction time 


afforded by the STB increased as the reaction was 
sixty minutes. 


made more alkaline. These results are in agreement 
with the findings of other investigators working with 
various polyhydrie compounds (4 

However, in our work with apple slices it was ob- 
served that the activity of STB as an inhibitor of 
enzymatic browning did not depend on the pH of the 
solution. The explanation for this inconsistency may 
be that other constituents of the apple tissue affected 
the reaction. For example, the natural buffer system 
of the apple may have counteracted the buffer of the 
treatment solution. This concept will be amplified 
below. 

Effect of borate concentration. Solutions of STB 
and of borie acid were prepare | at concentrations of 
1.0, 0.1, 0.01 and 0.001 M. For each solution 1 ml was 
added to 8 ml buffer and 1 ml! of 0.005 M eatechol solu- 
tion and the browning development was determined 


30 40 50 60 
TIME (MINUTES) 
Figure 3. The phenol oxidase catalyzed oxidation of catechol 


as a function of time by optical density measurements. 


Data in Table 1 show close agreement between STB 

and borie acid at each concentration. In both cases 

Reaction time. The same general procedure was the color formation decreased appreciably as the con- 

followed with both catechol and polyphenol extract, centration was increased, especially in going from 

except that optical density readings were taken at 5 0.0001 M to 0.001 M. This indicated that the borates 

min intervals for 1 hr. Results for catechol are shown are reacting with the catechol and that the amount of 
in Figure 3. There was a sharp increase in optical 


density to 10 min, followed by a more gradual inerease 
i oO Olle ( ore ( ( 1 TABLE 1 


The effect of STB and boric acid concentration on the 
enzymatic oxidation of catechol at pH 7 


to 25 min, after which the color remained essentially 
eonstant. Similiar results were obtained with ex 
tract. A reaction time of 30 min was used in future 


investigations. Opt det ptical density with 
boric acid 


Oxidation of catechol in the presence of borate oe 


Effect of pH. A pH series of reaction tubes con Spe 1 we 


0.51 


taining buffer, catechol and enzyme was prepared as 0.45 


| 
- 
481 
| 
il 
‘all 
| 
} 
2.0 
> 
wi 
| 
< 
5+ ond 
j 
| 
a. 
f f 
cH 
ey 
i 
I." 
= 
: 


482 FOOD TECHNOLOGY, OCTOBER, 1960 


catechol thus complexed is increased with increasing 
borate concentration. 

Although boric acid inhibited the oxidation of 
catechol in this ‘‘pure’’ system, it did not inhibit the 
oxidation of natural polyphenols in apple tissue. This 
may have been due to a difference in pH. In the test 
tube the solution was buffered at pH 7 while boric 
acid itself in solution has a pH of 5. Since apples have 
a pH of 3.5, strongly buffered, the pH at the interface 
between apple slice and boric acid solution was be- 
tween 3.5 and 5. This level was probably too low for 
the complexing reaction. The STB was effective on 
apple slices because its normal pH of 9 probably re- 
sulted in a more neutral pH at the interface. 


Oxidation of purified polyphenolic extract in the presence 
of borate 

Effect of pH. The experiment outlined above on 
effect of pH was repeated using our purified poly- 
phenolic extract in place of catechol. The results, 
Figure 5, show the effect of pH to be very close to that 


POLYPHENOLIC EXTRACT 


EXTRACT PLUS 
SODIUM TETRABORATE 


> 
z 
a 
= 
a 


ihe 
9 10 
Figure 5. The effect of pH on the sodium tetraborate in- 


hibition of phenol oxidase catalyzed oxidation of polyphenolic 
extract; reaction time thirty minutes. 


shown in case of catechol oxidation (Figure 4). The 
optimum pH for this reaction was again shown to be 
7. The slight difference between the findings with 
apple polyphenols and with catechol was that STB 
materially reduced browning of the extract at pH 
values of 4 and below. This indicated that the natural 
polyphenols are more reactive with STB than is 
catechol under such highly acid conditions. 

Effect of borate concentration, The experiment on 
borate concentration was repeated using 3 ml of the 
purified polyphenol extract in place of 1 ml catechol 
solution. Results are presented in Table 2. Again, 


TABLE 2 


The effect of STB and boric acid concentration on the enzy- 
matic oxidation of purified polyphenol extract at pH 7 


Optical density with 


Optical density 
boric acid 


Concentration molarity with STB 


0.00 
0.0001 0.78 
0.001 0.60 
0.01 0.46 
0.1 0.40 


STB and boric acid gave almost identical results, 
showing that the inhibition of the enzyme catalyzed 
oxidation of natural polyphenols was dependent on 
the concentration of borate present and the greatest 
increase in protection was afforded in going from 
0.0001 to 0.001 M borate. This indicated that borate 
ion inhibits browning by complexing the polyphenols 
which serve as precursors for browning development. 


Reaction between catechol and borate 

Decrease in pH. As stated above, the reaction of 
borate with polyhydrie compounds is accompanied by 
an increase in acidity. Therefore, if there is a re- 
action between catechol and borate a lowering in pH 
should be detectable when the two are mixed. To test 
this hypothesis, 1 ml of 0.001, 0.01, 0.10 and 1.0 M 
boric acid solution was added to 20 ml of 0.025 M 
catechol. Resulting pH values were 5.20, 4.62, 4.33 
and 4.20, respectively. This reduction in pH was 
evidence that the borate inhibits browning by com- 
plexing polyphenols present. 

Non-enzymatic oxidation of catechol. It was de- 
sired to determine whether the borate inhibited only 
enzyme catalyzed oxidations or if it directly affected 
the reaction even in absence of enzyme. Four solu- 
tions containing 1 ml of 0.005 M catechol and 10 ml 
citrate-phosphate buffer at pH 7 were prepared. To 
these were added one ml STB solution in concentra- 
tions of 0.001, 0.01, 0.1 and 1.0 M. The optical 
densities after 24 hr at room temperature were 0.86, 
0.61, 0.50 and 0.46, respectively. This decreased 
browning with increased borate concentration is fur- 
ther evidence that borate acts by affecting the poly- 
phenols rather than the enzyme. 

Ultra-violet absorption. Catechol has an absorption 
peak in the ultra-violet region at 280 mme wave length 
(5). It was of interest to determine whether the 
absorption at this wave length was affected by borate. 
To a series of 4 tubes containing one ml 0.005 M cate- 
chol and 20 ml citrate-phosphate buffer at pH 7 was 
added one ml STB solution of 0.001, 0.01, 0.1 and 
1.0 M concentrations. The optical density against a 
buffer-STB blank at 280 mme was 1.43, 1.15, 0.90 and 
0.70, respectively. This regular decrease in optical 
density with increasing borate concentration was a 
strong indication of complex formation between borate 
and polyphenol. 


SUMMARY AND CONCLUSIONS 


The mechanism by which borates inhibit enzymatic 
browning of apple slices was investigated. Both 
catechol and a purified polyphenol extract of apple 
were used as substrate and a commercial phenol oxi- 
dase enzyme preparation was used as the catalyst. 
The reaction was allowed to proceed for 30 min at 
25° C and the optical density measured at 430 mme. 
The point of maximum enzyme activity was at pH 7. 

Borate inhibition was increased by increasing pH 
of the system and by increasing borate concentration. 
Sodium tetraborate and boric acid gave closely similar 
results as inhibitors as did catechol and polyphenol 
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A STARCH SPECIALTY 


FOR BREADING MEAT, FISH, FOWL 


BATTER-BOND anchors breading firmly. Permits 
moisture evaporation without blistering or flaking. 
Reduces excessive penetration of frying oil. Continues 
to hold throughout frying, freezing and refrigeration. 


BATTER-BOND is easy to use. Mix it with water 
and seasonings. Dip food in mixture. Roll food in 
breading. Then freeze or fry. 


750 Third Avenue, New York 17 


3641 So. Washtenaw Avenue, Chicago 32 


BATTER-BOND is recommended for all breaded 
foods: fish sticks, cakes and fillets, shrimp, veal cutlets, 
fowl, egg plant, onion rings, etc. Contact your near- 
est National office for full information. 


STARCHES 


NATIONAL STARCH and CHEMICAL CORPORATION 
735 Battery Street, San Francisco 11 


And All Principal Cities in the United States, Canada, England and Mexico 
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Dodge & Olcott flavors... 


to their taste! 


Whether you manufacture a cake mix, a frozen pastry, or a line of ready-baked 
items, it’s “their taste” you must suit! The D&O Flavor Laboratories have been 
suiting the taste to the product for more than 160 years! Why not let us develop 


an exclusive flavor formula for you? 


lon you 
Lssentiay Z Technical assistance on your premises. Write for copy of complete “Flavor Catalog”. 
y OUR 16!ST YEAR OF SERVICE 
qe 180 VARICK STREET - NEW YORK 14, N.Y SALES OFFICES IN PRINCIPAL CITIES 


ESSENTIAL OILS + AROMATIC CHEMICALS + PERFUME BASES + FLAVOR BASES + DRY SOLUBLE SEASONINGS 
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ENZYMATIC BROWNING 


apple extract as substrate. Increasing amounts o 
catechol added to a boric acid solution caused sue 
cessive reductions in pHl. Borate inhibited oxidation 
of catechol in absence of enzyme. Addition of borate 
caused a decrease in the absorption by catechol of 
ultraviolet light. Based on this evidence it was con- 
eluded that borate inhibits the browning reaction by) 
forming a complex with the substrate and thus pre- 
venting oxidation. 
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Thermal Resistance of Microorganisms to Dry 
Heat: Design of Apparatus, Operational 


Problems and Preliminary 


Manu pt received May 21 ‘4: 


Tur NATURE of the atmosphere 
surrounding microorganisms during heat sterilization 
influences the effectiveness of the process ; therefore, 
it is necessary to distinguish between a sterilization 
process where the cells are surrounded bya medium 
or atmosphere containing liquid water and one where 
the atmosphere surrounding the cells does not contain 
water in the liquid state. The terms *‘ wet heat’’ and 
dry heat’? are used to describe these two sterilization 
processes Wet-heat sterilization conditions exist 
when microorganisms are subjected directly to satu 
rated steam in an autoclave or heated in a closed 
vessel, such as a can of food, that contains an appreci 
‘at sterilization condi 


able amount of water. Dry-h 
tions exist when the microorganisms are exposed to 
superheated steam or air. 

eat sterilization has been stimu 


Interest in dry | 
lated by the Dole aseptic canning system (5), which 
uses superheated steam as a source of dry heat for 
sterilizing the containers and covers prior to asepti 
cally canning the sterile food product. 


‘Journal Paper No. 2624 of the Michigan Agrieultural Ex 
periment Station. 

Presented before the Nineteenth Annual Meeting of the 
Institute of Food Technologists, Philadelphia, Pennsylvania, 
May 19, 1959. 


1. J. Pflug 


Food Science Department, Michigan 
State University, East Lansing, 
Michigan 


The literature contains considerable data relative 
to the wet-heat resistance of microorganisms; how 
ever, there are comparatively few data regarding dry- 
heat resistance. Both Walter (11) and Perkins (6) 
discuss the use of dry heat for the sterilization of bae- 
teriological and hospital supplies and recommend one 
hour at 320° F (160° C 


instruments. Tanner and Dack (10), studying the dry 


for glassware and eutting 


heat resistance of spores of Cl botulinum, reported 
that the time required to kill Cl botulinum spores 
varied from 15 to 60 minutes at 284° F (140° C) and 
from 5 to 15 minutes in the range 320° to 356° F 
160° to 180° C 


thermal resistance data for spores of three organisms 


Collier and Townsend (3) reported 


subjected to superheated steam: B stearotheormoph- 
ius 1518) F 0.708. z 26° F: B. polymyzra 

PSO) F590 = 0.667 and z = 28° F and PA 3679 Faz 

0.625 and z = 60° F. (Fas is the minutes at 350° F 
to destroy the organism under specified conditions; 
z is a measure of the slope of the thermal death time 
or thermal resistance curve.) Schmidt (8), reviewing 
the resistance of microorganisms to dry heat, states, 
‘‘In general, most of the methods used for measuring 
resistanee to dry heat in the temperature range above 
212° F have not had a very high degree of precision. 
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The primary purpose of this paper is to deseribe 
precision equipment developed for determining the 
dry-heat resistance of microorganisms. In addition, 
some problems encountered in dry-heat testing, the 
evaluation of the lag correction factor, and prelimi- 
nary dry-heat resistance data for one species of micro- 
organism to superheated steam are presented. 


EXPERIMENTAL 


Development considerations. [’recision control and meas 
urement of time and temperature was the principal design 
consideration in developing this apparatus for dry heat thermal 
resistance testing. An adequate temperature range, flexibility 
as to heating medium superheated steam, air, saturated 
steam), asepsis, and the need to test replicate samples were also 
important considerations. Mechanical operation, convenience, 
and economy were given secondary consideration. 

A basie problem of both dry-heat and wet-heat testing 
apparatus is moving the samples in and out of a controlled tem 
perature and pressure chamber. This problem of movement and 
leakage was given extensive consideration. The faet that under 
dry-heat conditions the heating medium could not be expected 
to lubricate any moving parts was also considered. 

\ double-seal, two-step operation was developed instead of 
using a sliding plate (9) or double pistons with rings (7) to 
obtain a more positive seal and eliminate possible lubrication 
problems, In this design a shoulder supporting an ‘‘O’’ ring 
near the end of the sample-carrying pistons seals the exposure 
chamber while the samples are being heated, and a_ seal-bar 
lueated inside the chamber closes the sample entry ports the 
remainder of the time. <A single, double-acting pneumatic 
eylinder located in the center rear of the machine operates the 
seal bar. Two double-acting pneumatie eylinders, one located 
on each side of the apparatus, move the samples from the load 
ing position to the exposure position and, after heating, return 
them to the dumping or subculturing position. The sample cups 
are identical to those used by Pflug and Esselen (7) and are 
supported by two '4,4-inch diameter stainless steel wires which 
are welded into and operated by a ‘-ineh trip shaft loeated 
inside the sample-earrying pistons. The trip mechanism is 
located to the rear of the pistons and is cam operated. Leakage 
past the eup supporting wires is prevented by an ‘*O’? ring on 
the trip shaft. 

Figure 1 is a photograph of the complete apparatus; Figure 
2 is a cut-away view showing the exposure chamber and related 
parts, 

The time control system was designed so that the entire 
operation will proceed automatically through the operational 
sequence when the start button is actuated. 

The temperature control system for dry heat consists of a 
temperature recording pneumatie controller (thermocouple 
sensing element), a pneumatie needle valve, an electrically 
operated superheater with a variable transformer input control 
and heaters and variable transformers for maintaining the 
thermoresistometer wall temperatures. A steam reservoir main 
tained at constant temperature by a pressure controller supplies 
the saturated steam to the superheater. The hot gas tempera 
ture controller modulates the flow of gas to maintain a constant 
temperature. 

Operational problems. Two types of problems were en 
countered in putting this apparatus into operation: (1) 
controlling the temperature change of the gas as it flows 
through the apparatus and (2) obtaining uniform sample eup 
temperatures. 

The temperature drop problem is a result of the low heat 
capacity of the gas. It was calculated that when the flow rate 
was 2.5 efm, the removal of 1 BTU/min or 60 BTU/hr will 
reduce the temperature of superheated steam 26.1° F and air 
32.3° F. When the thermoresistometer is operated so that the 
outlet temperature is only 5° F below the inlet temperature, the 
heat loss from the exposure chamber must be less than 0.2 
BTU/min (12 BTU/hr) for superheated steam and less than 
0.16 BTU/min (9.6 BTU/hr) for air. Therefore, the wall 
temperature of the exposure chamber is eritieal. The top, bot- 


Figure 1. Front view of dry heat thermoresistometer. 


tom, and front of the apparatus were fitted with electrical 
heaters to maintain the wall temperatures; thermocouples were 
attached to the inside of these walls so that the wall tempera 
ture could be measured and then controlled. During operation 
it is necessary to maintain the top, bottom, and front of the 
apparatus about 5° F above the exposure temperature to obtain 
the desired temperature control. 

In hot-gas heating the gas stream must be distributed so 
that each cup is exposed to gas where the over-all heating effect 
or temperature and velocity is the same. 

Cup temperatures were measured using 30-gage thermo 
couples soldered to the inside of the cup bottom. Thermocouple 
wires were looped away from the cup (Figure 3) and then 
brought out through the center of the pistons. This insured an 
isothermal wire length of about 1.0 inch, eliminating, from a 
practical standpoint, temperature errors resulting from thé 
conduction of heat along the wires. It was necessary to remove 
the cup supporting mechanism in order that the thermocouple 
wire could be threaded through these pistons; ears were 
soldered onto the 5 sample cups so that they could be hung on 
the cup guide wire (Figure 3). Through trial and error design 
of the gas manifold, it was possible to have all 5 cups within 
a temperature range of less than 1.0° F; however, it was 
impossible to find a reliable correlation between cup tempera 
ture and inlet or wall temperatures. Figure 4 shows the interior 
of the exposure chamber and the distributing manifold. Th 
direction of flow of the gas from the inlet manifold has a 
definite effeet on the temperature pattern of the 5 eups. 

Wall temperatures are controlled by 3 manually operated 
variable transformers that supply energy to the eleetrie heaters. 
Wall temperatures are measured by thermocouples attached to 


Figure 2. Cut-away drawing of the dry heat thermoresisto- 
meter showing the relation of the pistons and inside seal bar. 
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APPARATUS TO DETERMINE RESISTANCE OF 


Figure 3. Sample carrying pistons and operating bar (this 
unit can be removed from machine in less than 5 min). Special 
sample cups fitted with thermocouples are in position at the 
end of the pistons. 


Figure 4. Interior of thermoresistometer exposure chamber 
showing gas distributing manifold, wall thermocouples and 
seal bar. 
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tionship of TRP with flow rate of air under eondi 


tions is lustrated in Figure 5. Cups in all 5 positions were 


tested and each test replicated 3 times for each variable. 
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put in sterile 8-oz bottles with glass beads. The spores were 
counted by plating on Dextrose-Tryptone-Starch Agar after a 
15 minute heat shock at 212° F (100°C). The inoculating sus 
pension was prepared by diluting the original spore suspension 
with M/15 phosphate buffer to give approximately 10° spores 
per ml (actual count 1.1 x 10° spores per ml Cleaned tin plate 
TDT cups were placed in a glass petri dish, the cups and dish 
sterilized in hot air, after which 0.01 ml of the inoculating sus 
pension was placed in each cup, using a micropipette. Samples 
were dried to remove the free water. Initially a vacuum oven 


operated at a temperature of 95° F (35°C) was used; how 
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Figure 6. Lag correction time as a function of the ex- 
posure chamber pressure. 


ever, the petri dishes containing the loaded cups were placed 
in a desiccator with a drying agent in later studies, The sam- 
ples remained in the desiccator, which was stored in a 
refrigerator at 40.0° F (4.4° C) until needed. 

Dextrose-Tryptone-Stareh broth with 0.04% BCP indicator 
was used as the subeulture medium. Positive tubes were those 
containing acid as evideneed by a color change and the charac 
teristic pellicle. The subeulture tubes were incubated at 99° F 
(37° C) for 4 weeks. 

Only 4 cups per test were used in the several preliminary 
dry-heat studies (ineluding the one reported below however, 


8 cups (2 runs of 4 cups each) are being used in studies now 
ih progress, 

Data were evaluated using the probability method of 
Schmidt (8); both LD50 and D values were ecaleulated. (LD50 
is defined as the time in minutes when 50% of the samples 
tested would be negative; D value is defined as the time in 


minutes for a 90° reduction in the number of organisms at a 


given temperature.) The 950 confidence interval was caleu 
lated where sufficient data were available. Use of LD50 values 
suggested by Sehmidt ‘ is appropriate for these data 


since it is desirable to obtain an accurate comparison of the 
values at the different temperatures without having to resort 
to D values. 

Wet-heat thermal resistance studies. Wet-heat (saturated 
steam) thermal resistance studies were made over the tempera 
ture range of 241 to 272° F (116 to 133°C) with the same 
spore suspension and recovery medium us used in the dry heat 
studies. Studies made by Anderson indicated that reliable 
wet-heat results can be obtained with dried spores. A total of 


€ Obtained from C. F. Sehmidt, Continental Can Co., Ine., 


Chicago. 


10 cups was exposed at each time-temperature interval (2 runs 
of 5 cups each) using the apparatus deseribed above. 

Data were analyzed using the probability method deseribed 
by Schmidt (8) and the results were expressed as D values. 


RESULTS AND DISCUSSION 

Results of thermal resistance tests of 5230 in super- 
heated steam as LD50 points, their 95% confidence 
limits, and the corresponding D values are presented 
in Figure 7. A straight line was drawn to represent 
these data since it appears that the logarithm of time 
varies linearly with temperature. The LD50 line has a 
z of 42° F and a LD50,55 of 2.4 min; the Deso is 0.57 
min. The 95° confidence limits of the LD50 points 
permit z values from 36° to 48° F. Dotted lines are 
used in Figure 7 to indicate (a) that there are not 
sufficient data available at this time to substantiate 
that the relationship is linear and (b) that justifica- 
tion in the form of death rate data to caleulate mean- 
ingful D values is not possible at present. The D 
curve is illustrated to show the range of values that 
can be expected and for comparison with the wet-heat 
data in Figure 8. 

Results of thermal resistance tests of 5230 in wet 
heat are presented in Figure 8. The D curve has a z 
of 14.8° F and a Deseo of 0.35 min. 

Variation in LD50 values and the wide confidence 
interval appear to be normal for dry heat in contrast 
to the behavior of wet-heat data illustrated in Figure 
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Figure 7. Thermal resistance curve for 5230 in superheated 
steam, 
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Figure 8. Thermal resistance curve for 5230 in saturated 
steam. 


8. It is acknowledged that use of 8 or 12 cups per test 


is more desirable and could reduce the confidence 
interval. 

The operation of the equipment, in use since Decem 
ber 1957, has been satisfactory. Dry heat is more 
difficult to use than wet-heat due to the more ecompli- 
cated temperature control and the necessity of allow 
ing the equipment to reach steady state conditions 
before testing can begin 


SUMMARY 


An apparatus is described that makes possible the 
study of the dry-heat resistance of microorganisms 
under controlled conditions of time and temperature 
in the range 300 to 380° F (149 to 193°C). The 


accuracy of the temperature control system 1s 
1.0° F and time 0.1 minutes. The lag correction 
factor of the sample cups has been evaluated as a 
funetion of gas flow for both air and superheated 
steam. The dry-heat resistance of spores of organism 
5230 (similar to B. subtilis) to superheated steam has 
been determined and it was found to have an LD50350 
of 2.4 min and a z of 42° F 
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Food Additives Symposium 


The past year was an eventful one in the field of food ad- 
ditives. Aminotriazole, stilbestrol, coal tar colors, and the 
Delaney clause are names which came into common use and 
aroused public interest and concern in food additive problems. 

In many ways, however, the past year was not a decisive 
one. The Food Additives Amendment became fully effective 
in March, 1960, but decisions concerning the status of large 
numbers of food additives were postponed through one-year 
extensions. Basic problems raised by the Delaney clause, the 


practical equivalent of zero, and general recognition of safety 
remain to be answered. 

Perhaps the past year might best be characterized as a par- 
iod of appraisal, a time during which industry and government 
both have sought to determine the impact of the new food 
additive regulations in order that their present operations and 
future plans be adjusted in the mest effective fashion. 

As in the past several years, the Food Additives Committee 
of IFT has invited outstanding speakers to discuss at the 
Annual Meeting the current status of several aspects to the 
food additives problem. The following papers were presented 
at the Food Symposium held in San Francisco in May, 1960. 


J. F. Mahoney, Chairman 
Food Additives Committee 


Recent Progress in the Consideration of 
Flavoring Ingredients Under the 


Food Additives Amendment’ 


Tus MEETING demonstrates again 
that we believe it is helpful to exchange problems and 
what we hopefully regard as ‘‘solutions.’’ In this 
paper [| shall outline a few of the principal current 
problems facing the flavor industry under the Food 
Additives Amendment, and _ tell our 
efforts to cope with them. While some of our prob- 
lems are unusual and peculiar to our industry, others 
The activities deseribed 


something of 


are of direct general concern. 
below are those of the Food Additives Committee of 
the Flavoring Extract Manufacturers’ Association, 
and of the companies that support and participate in 
our Committee’s program. 

One point should be made clear at the beginning 
The Food Additives Amendment places on the Food 
Drug Administration an burden. It 
not only confers a large increase in responsibility, but 


and enormous 
it does so in areas where the terrain and boundaries 
are not fully known and are therefore not clearly 
defined The that 
what like a colonial land grant—broad, inexact, and 


Amendment is, in respect, some- 
conferring large powers in an area only slightly ex- 
plored. Congress wisely contented itself with writing, 
for the part, only general rules of conduct. 
These, to be effective, must be applied sensibly to the 


most 


actual circumstances as they develop and are more 
fully understood. For the most part, we in the flavor 
believe that the FDA has discharged well 
its initial responsibilities. We have some substantial 


industry 


* Pre sented at the Twentieth Annual 
tute of Food San 


16, 1960, 


Meeting of the Insti 
May 


Technologists, Franeiseo, California, 


Richard L. Hall 


McCormick & Company, Inc 
more 2, Maryland 


Balti 


differences of opinion with the FDA, primarily con 
cerning matters of interpretation and administrative 
policy. We are compelled to report our concern at 
what seems to us an unfortunate ten leney to subordi 
nate its scientific judgment to administrative 
In this paper, I shal 


con 
venience and political appeal. 
mention in detail some of these points on which we 
differ. allowed to 
obseure our whole-hearted approval of most of the 
Food Additives Amendment and of the FDA’s prin 
cipal measures to enforce it. 


But these differences should not be 


We may reasonably say 


that, if it were our decision, we would in certain re 


spects, act differently and more wisely. But we should 


also hope that we would, in other respects, perform 


as well. 
Last vear we distributed a questionnaire which 
formed the basis of a Flavor Additive survey spor 


sored by the FEMA. Many of vou will recall, doubt 
less with some distaste, that it covered approximately 
1100 substances. 
structural formula, if known. 


We gave the name of each, and a 
We asked the flavors in 
which it is used, degree of importance, earliest dat 
of use, level in ppm introduced into the finished food, 
approximate annual volume used, and toxicity data 
where available. The original questionnaire went to 
all flavor manufacturers and to a cross-section of the 
food processing industry. We received, on the whole, 
One 
pleted forms were returned. 


an excellent response. hundred seventy com 


We have now imposed 
on your patience by sending out an addenda section 
to those firms which, by completing the original ques 


i 
Fach 
al 
| 
‘$55 i 
: 
4 
1A 
ayy 
igs 
: 
| 
| 
x 
488 


FLAVORING INGREDIENTS UNDER THE FOOD ADDITIVES AMENDMENT 


tionnaire, showed that they were useful sources of 


information. 

Early this year, it became apparent that we could 
not possibly complete the tabulation and evaluation 
of results of our survey before March 5th, when the 
Amendment was scheduled to become fully effective. 
Because the Amendment does not apply to those sub 
stances which are 
GRAS), technically no extension or extension appli- 
cation was necesary 


‘generally recognized as safe’’ 
for them. But the classification 
of what is GRAS, and even the definition of GRAS, 
were not and are not settled, so it seemed wise to pro 
vide unequivocally for the continued use of almost 
all flavor including each of 
specifically, in an extension request. 
with the 


ingredients by them, 
This was done 
clear understanding that this would in no 
way prejudice a later determination that the sub- 
stances were GRAS 


CLASSIFICATION OF THE SUBSTANCES 


During ‘the past months, our committee has tabu 
lated the questionnaire and reviewed the results. We 
have classified each substance into one of 4 categories 
These are: 

1) No further action 
2) Food 

3) GRAS 

4) Food Additive 


A number have 


NFA 


been held temporarily in’ suspense 
pending receipt of further information. The com 
plete listing to date of our committee’s action on each 
substance will be found at the end of this article 


We have classified as NFA, 


ceived so seanty 


those items which re 
a response that it appeared they had 
little or no use in food. We labeled as Food, a num 
ber of substances which seemed to be major rather 
nutrients rather than 
modifiers. We regarded as GRAS those substances 


than minor ingredients, or 
which satisfied one or more of the following numbered 
requirements : 

1) Natural occurrence in a food, 


Known ease of metabolization in the body (in 
the quantity and at the 
ploved 


dietary level em 
A close structural relationship to another sub 
stance known to be safe, 

A long history of widespread and apparently 
thirty 


safe use, (e.g., vears by several com 


panies), or 

Simultaneous fulfillment of all of the following 

qualifications : 

a. In use for at least 10 years by more than 
one company, 
Average maximum use level in any finished 
food not in excess of 10 ppm, 
Annual national consumption of less than 
1000 Ib 
Absence of any unfavorable indications from 
structure, composition, or experience in use, 
which would cast doubt on its safety. 
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An ingredient which conforms to these four 


restrictions is. we feel, tox ecologically insignifi- 
under the conditions of 


GRAS 


cant intended use, 


and henee 
If a substance meets any of the 5 foregoing require- 
ments, this is, in our view, 
judging it to be GRAS 


an adequate basis for 
If it is not GRAS, then, by 


law, it is a food additive and we 


have so classified 
those ingredients which are in use, and which do not 
fit into any GRAS category 

The fact that w 


laps temporarily, as 


have Classified a substance, per- 


food additiy does not mean 


that the substance is unsafe. It merely means that 


we do not have sufficient information, at this time, to 
itis GRAS 
We have transmitted this information, as it has 
been developed, to the FDA. They 
these ingredients into 7 groups and deal with them 
as follows: 
1. GRAS by 


> 
hreqist / 


permit us to feel that 


propose to Classify 


Federal 


publication in the 


No action re quired 


Used under a 
Publish in 


Safe and 


prior sanction 
deral Reqistei 


ved to he GRAS 
Propose as GRAS in Federal Register 
Safe, but lacking general recognition of safety 
1. Extensio 


b. Industry petition no pharmacology suffi- 


rmation to establish safe usage, 


¢. Regulation 


Probably safe ; no undue risk to the public health 
a Ex 


b. Industry petition with sufficient pharmacology 
and chemistry to establish safe usage 
Regulation 

’ndue risk to public healt) 

No extension 


Petition mav be considered 

¢. Regulation may be considered 

7. No interest in industry 
Disregard 


or the present 


Our only major disagreement, at present, with this 
tentative classification concerns the Administration’s 


as GRAS. 
All of the substances in FDA’s Group No 4 are un- 
questionably safe, but the 


basis for regarding a substance 


FDA is unwilling to pro- 
that they are 
safe. Therefore. 
peti ion ute, 


pose publicly generally recognized as 
‘vy prefer to handle them by the 
but omitting the 
mal test data and 


that to eall a safe 


requirements for ani- 
an analytical method. We believe 
ingredient a food additive, under 

present stat 
subjects it to doubt and SUSPICLOI 


the law and in the of public opinion, 
, and to the danger 
of banishment. It is food technology’s equivalent of 
taking the Fifth Amendment. We also feel that to file 
a petition which ignores completely several clear-cut 


statutory requirements would commit us to a danger- 
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ous course of action, resulting at best in a probably 
invalid regulation. 


RECOGNITION OF SAFETY 


This brings us to a consideration of what consti- 
tutes general recognition of safety. The Amendment 
defines a substance as a food additive ‘‘if such sub- 
stance is not generally recognized, among experts 
qualified by scientific training and experience to 
evaluate its safety, as having been adequately shown 
through scientific procedures experience based 
on common use in food . to be safe under the con- 
ditions of its intended use Many persons, in- 
cluding FDA officials, have pointed out that the law 
confers no special authority on the FDA with respect 
to deciding that an ingredient is GRAS. Anyone, on 
adequate evidence, may so decide. 

To date the FDA has taken the position that this 
general recognition must take place among a large 
group from the appropriate scientific disciplines. If 
the food use of a substance is not known to a substan 
tial segment of the scientific community, then it is not 
‘generally recognized as safe.’’ 

We, on the other hand, believe that the law’s sin 
gular use of the word ‘‘its’’ in the phrase ** qualified 

. to evaluate its safety’’ is important, not trivial, 
and intentional, not fortuitous. This general recog- 
nition is to take place not among some large group in 
the scientific community who may have slight if any 
contact with, or knowledge of, the use of a particular 
ingredient in food. Rather, the recognition of safety 
must be among those who have the necessary training 
and experience—pertinent experience. This clearly 


implies direet and accurate knowledge of the nature 
of the substance itself and of the conditions of its 


intended use. 

Perhaps an analogy may make this point more 
clear. has his Ph.D. in archeology from Co- 
lumbia. He has taught archeology and paleontology 
for 10 vears at Northwestern. After 7 field trips to 
the Southwest, 6 articles, 2 monographs and a text 
book (used only in his graduate course) he is an 
acknowledged authority on Indian archeology of the 
American Southwest. Does this qualify him to judge 
the authenticity and date of a Sumerian clay tablet, or 
a fossilized jaw bone from South Africa, or an Etrus 
can spear point? Clearly not. Professional edueation 
and exercise of appropriate skills are not enough. 
They are necessary but not sufficient conditions. They 
must be coupled with detailed knowledge of the spe 
cific area and item in question, and this combination 
may be found only in a few persons. 

We are quite certain that the experts qualified in 
the case of many flavoring substances are limited at 
present to those in the FDA and our own committee 
who have access to the data we have gathered. For 
this reason, we are making public our tentative 
classification 

Now we recognize that a broader base of judgment 
than our committee alone, may be desirable. We have 
therefore begun to establish a separate, independent 
panel of 6 to 8 acknowledged experts in toxicology 
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and pharmacology to whom we shall refer those items 
enjoying significant food use and which are not 
already recognized as GRAS by the FDA. We shall 
supply to this panel all the information we have. 
This will be no mail-order panel of anonymous and 
dubiously qualified ‘‘experts.’’ Our panel will meet 
as a group to exchange views, obtain further infor 
mation, and advise our committee on its conclusions. 
If the panel unanimously feels that a substance is 
safe, if this concurs with the view of our committee, 
and if the FDA has no reservations regarding safety, 
then, in our view, this fulfills completely the statutory 
concept of GRAS. 

We shall make our data available to the other quali 
fied and interested groups such as the Food Protection 
Committee of the NRC, and we welcome their con 
sidered judgment in this area 

Even though, by this means, we establish GRAS 
status for a large number of important ingredients, 
there will still be many others which will require some 
data from animal testing in order that we may be 
assured of their safety under conditions of intended 
use. By and large, these data are lacking for the great 
body of flavoring ingredients. The problem of obtain 
ing this information on so large a number of addi 
tives is complicated by the fact that several, and some 
times many, manufacturers may use a given substance 
and yet the annual volume will often be far less than 
1000 Ib per year in total food use within the United 
States. Thus, many of these additives do not in them 
selves have a commercial value sufficient to justify 
chronic or long term studies. Even short term or 
sub-acute studies can feasibly be undertaken only as a 
joint effort by all interested parties. 


FINANCING THE TESTS 


We believe that the only practical method of raising 
the necessary funds is to obtain them from those firms 
that are the principal manufacturers and users of 
these additives. Although many other firms use these 
products indirectly, they often do so without knowing 
that they use them. There seems no reasonable method 
of making such companies directly share the burden 
in proportion to their unknown share of the benefit 

We have. therefore, devised the following procedure 
as a means of arranging the financing of tests on 
additives whose importance justifies the necessary 
expenditure. 

1. Our FEMA Food Additives Committee will pre 
pare a list of those additives on which at least 
short term toxicity data are needed. This list 
will show for each substance : 

a. the total number of firms reporting use of it 
b. the over-all importance rating received 
¢. a rough estimate of the annual volume used 
in flavors 
an estimate of the approximate cost of the 
toxicity tests proposed for each item 
The list deseribed above will be sent by the 
Executive Secretary of the FEMA to each com 
pany which participated in our survey. Each 


3.” 
J 
A 
4 
2 
j 
} 
re 
as 
ys 
| = 


REFINED 
ALGIN 
PRODUCTS 


Use unique Keleo Abjiu 


—— 


In Fr I In Gravie indin Cream, Meat and D K id. ‘i. 

y 

pe 

ist 
I hly 
ce 
i? 


a 


No Surer Way to Achieve Effective 
Emulsion Stability 


degree of emulsion stability is desired with a min- 
imum change in viscosity and body properties. 


KELCOLOID HVFP, the high viscosity 
member of this series, is generally recommended 
for use where a decided increase in viscosity is 
desired along with effective emulsion stability. 


YOURS ON REQUEST: Free samples of 
KELCOLOID and other Kelco algin products, 
plus Technical Data describing properties, ad- 


KELCOLOID LVF, the low viscosity 
member of this algin series, produces excellent 
emulsion stability and desirable body qualities. 
The LVF is recommended for use where a high 


vantages and uses. At your service, too, are highly 
qualified food technicians ready to give individ- 
ual attention to your problems. Write without 
obligation to your nearest Kelco regional office. 


Kelcoloid HVF® Kelcoloid LVF® products of _[Kelco Company 


75 Terminal Avenue, Clark, N. J. © 20 N. Wacker Drive, Chicago 6, Ill. * 530 W. Sixth Street, Los Angeles 14, Calif. 


Cable Address: KELCOALGIN 


- CLARKNEWJERSEY 
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For every taste preference in every variety of 
spiced food — there’s a Griffith flavor formula! 


Ground, dry soluble, or liquid—in unit packages. 


Our Product Development Laboratory a vital 
area in research, source of quality standards and 
directions for use of Griffith Seasonings, Cures, 
and other products we manufacture. 


PRAGUE POWDER 


CURD) PARLE 


THE GRIFFITH LABORATORIES, INC. 


CHICAGO 9, 1415 W. 37th St. + UNION, N. J., 855 Rahway Av. - LOS ANGELES 58, 4900 Gifford Av. 
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FLAVORING INGREDIENTS UNDER 


firm will be requested to indicate, by individual 
item, the amount of money it is willing to sub- 
scribe for the proposed tests on each substance. 

The lists will be collected and totaled. Where a 
particular over-subseribed, the 
amount ‘‘pledged’’ by each firm will be reduced 


substance is 


in proportion, and each subscriber thereto in- 
formed of its remaining overage. All companies 
will be told those additives for which an ade- 
quate total has not been pledged and the amount 
which remains to be collected. They will thus 
be asked to reallocate their overages or otherwise 
inerease their commitments, if, in their judg- 
ment, the importance of the substance to them 
justifies the expenditure. After a series of such 
readjustments, our Executive Secretary’s office 
will develop a final listing of substances for 
which the proper amount has been subscribed. 
Each firm will know how much it will owe on 
each item and will be billed accordingly as the 
tests are run. Those additives whieh do not re- 
ceive sufficient support will inevitably — be 
dropped. The financial records will be confiden- 
tial, and withheld even from our committee. 

The evidence from the animal feeding tests will 
be reviewed by our FEMA committee, its expert 
panel and the FDA. We expect that in a high 
percentage of cases the information will permit 
the filing of a petition and the issuance of a 
regulation providing for the safe use of the sub- 
stance in question. We also hope that this further 
evidence of safety, if given sufficient distribu- 
tion, will eventually result in general recognition 
of safety, rather than in perpetual treatment of 
the ingredient in question as a food additive. 


Krom the foregoing it is obvious that we cannot 
complete our program on all ingredients prior to 
March 5, 1961. Certainly those substances which must 
undergo a toxicity testing program will be delayed. 
We shall request, we hope with the collaboration of 
the Administration, a statutory extension of the final 
deadline for those substances on which experimental 
work and evaluation is not yet complete. 


THE DELANEY CLAUSE 


The flavoring industry is seriously concerned by the 
Administration’s attitude toward the so-called ‘‘ De- 
laney Clause’’ of the Food Additives Amendment. 
Comments of prominent FDA officials, soon after the 
last-minute inclusion of the clause in the bill, seemed 
to show they felt the clause was unnecessary, but also 
unimportant. Unfortunately, later developments have 
not confirmed this happy view. Our committee agrees 
with the many previous comments which have pointed 
out so forcefully that the clause is unnecessary, arbi- 
trary, and restores to the law the same pernicious 
per se concept which it was a primary objective of the 
Food Additives Amendment to eliminate. We feel in 
addition, that it is self-defeating. It shuts off by arbi- 
trary congressional action, the principal source of 
further information on the subject of dietary carcino- 
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genisis. The defense usually advanced for the Delaney 
clause is that we ‘‘do not know how to set tolerances 
for ecarcinogens.’’ But by far the most promising 
method for determining how to set a tolerance for a 
carcinogen lies in extensive animal testing and related 
investigations, These expensive procedures, easily 
costing several hundred thousand dollars for a single 
substance, can be undertaken by industry only if 
some consequences of commercial value may reason- 
ably -be expected to ensue. 

If utilization of the results of such tests is pro- 
hibited, then there is no reason to commence or com- 
plete them. It is futile to suggest that, if the tests suc- 
cessfully show that safe levels can be set, then indus- 
try can petition Congress to change the Amendment. 
The difficulties and costs of animal testing are now so 
great that they are often the fatal bar to further 
product development. If the requirement of changing 
a Federal law is added to them, tests will never be 
started, or will be abandoned as soon as the first hint 
of careinogeni action appears. 

Thus, the Delaney clause not only locks the door, 
but throws the key away. It forecloses a solution of 
the very problem it over emphasizes. We do not 
object to closing the door, but we do believe that the 
Seeretary should keep the key, whether he wishes to 
We think that each of us as individuals, and 
the firms of which we are a part, should apply what- 
ever influence we can exert toward a more realistic 
publie education 


and direct representation to our congressmen are 


or not 


revision of the Delaney clause. 


needed 

The flavor industry serves with its products almost 
every other area within the food field. Because of the 
variety of our ingredients, their complexity, total 
number, and low volume, we have in intensified form, 
most of the problems which the rest of the industry 
also faces. We hope this partial review of them and 
of our methods of dealing with them will be of some 
value to others. We also invite your suggestions and 
criticism 


FEMA COMMITTEE ACTION ON FLAVOR 
INGREDIENTS 


In examining the list of flavor ingredients that fol- 
lows, the reader will need to bear in mind that 
NFA No Further Action 
GRAS = Generally Recognized as Safe 
RMUL = Recommended Maximum Use Level 
FA = Food Additive 


Absinthium 
Acacia, Gum 


Sodium, Calcium 
Ammonium 
etol Acetate t Root, Extract 
henone 
iao-Butyry!l RA e, Oil 
1 Cedrene Oleoresin 
iso-Eugenol tA \llyl Anthranilate 
Methyl Carbinol RMUL 38 ppm 
Nonyry!l iRA Butyrate 


cetyl Propionyl RMUL 2 ppm 
1 Tributyl Citr ( 


NI aprylate 
Valeryl tAS RMUL 5 ppm 
Acetylvanillir lly! Cinnamate 

Aconitic Acid RMUL 3 ppm 
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GRAS \gar-Agar GRAS 
Acs GRAS Alfalfa, Extract GRAS 
Acs GRAS 
\ GRAS 
GRAS 
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\ GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
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Allyl Cyclohexaneat etate 


RMUL 4 ppm 


Allyl] Cyclohex anebutyrate 


RMUL 10 ppm 


Allyl Cyclohexanes aproate 


RMUL 8 ppm 
Allyl Cyclohexane 


propionate 


RMUL 10 ppm 

Ally] Cyclohex anevalerate 
RMUL5 ppm 

Allyl 2-Ethy Butyrate 
RMUL 2 ppm 


Allyl Furoate 


RMUL 2 ppm 


Allyl Heptylate 


RMUL 10 ppm 
Ally! He xadienoate 
RMUL 3 ppm 


Allyl Hexanoate 
Allyl Lonone 
llyl Mereaptat 


RMUL 2 ppm 


Allyl Nonate 


RMUL 5 ppm 
Ally! Phenoxy wcetate 


RMUL 


2 ppm 


Allyl Phenylacetate 
RMUL 15 ppm 

Allyl Propionate 
RMUL 10 ppm 


Allyl iso-Thiocyanate 


Allyl Tiglate 


Ally! l ndecy late 


RMUL 1 ppm 
Allyl iso-Valerate 
RMUL 10 ppm 


Almonds, Bitter, Oil 
(FFPA) 

Almond, Sweet oil 

Aloe Extract 

Althea Root 

Amber Grains Extract 

Ambergris, Tincture 

Ambrette, Absolute oil 

Ambrette, Seed, oil 


Ambrette 
(Ammonium 


Tincture 
iso-V alerate 


iso-Amy! Acetate 


n-Amyl Alcohol 


iso-Amyl! Ak ohol 
iso- Amyl Benzoate 
iso-Amy! Benzyl ther 


n- Amy! 


Butyrate 


igo-Amy] Butyrate 


n- Amy! Caproate 

iso-Amyl Caproate 
n-Amyl Oaprylate 
iso-Amy! Caprylat 


iso-Amyl Cinnamate 
a-n-Amyl Cinnamic 


Aldehyde 


a-Amyl] Cinnamic Aldehyde 


Dimethyl Acetal 


a-(n 
Acetate 
a-Amy! 
a-Am) 
a-Am 
Valerate 


Cinnamy! 
Cinnamy! Formate 


Amy!) innamy! 


| Cinnamy! we 


Amyl p-Cresyl Ether 
Amyleyclopentenolone 


vo-Amy! Ether 


n-Amy] Formate 


iso-Amy! 


a-iso-Amy! Furfurylacetate 

a-iso-Amy! Furtury 
acrylate 

a-iso-Amy! Furfury! 


propionate 
Amy! Furoate 


Amy! Heptoate 


Laur 
ivo-Amyl! P 


ormate 


ate 


largonate 


Phenylacetate 


ixo-Amyl! Propionat 


Pyt 


ivo- Amy] Salic) 


ivo-Amy! 


iv 


ate 


late 


ixvo- Amy! iso-Valerate 


Amyris, Oil 

Anethole 

Angelica, Root, Extract 
Angelica, Root Oil 
Angelica, Seed Extract 
Angelica, Seed, Oil 
Angelica, Stem Oil 
Angostura, Extract 


Anisaldehyde 
Anise 


leohol 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 
GRAS 
GRAS 


GRAS 


GRAS 


GRAS 


GRAS 


GRAS 
GRAS 
GRAS 


GRAS 


GRAS 
Food 

GRAS 
GRAS 
NFA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 


GRAS 


GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
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Anise, Oil 
Anise, Star 
Anise, Star, Oil 
Anisole 

Anisyl Acetate 
Anisyl Alcohol 


Anisy!l n- Butyrate 

Anisy!l Formate 

Anisyl Propionate 
Annatto, Extract 
Annatto, Seed 

Apricot Kernel Oil 
Apricot, Oil 

Asafoetida Fluid Extract 
Asafoetida, Gum 
Asafoetida, Oil 

Ascorbic Acid 
iso-Ascorbie Acid 

Ash Bark, Prickly, Extract 


Balm Leaves, Extract 
Balsam, Copaiba 
Balsam, Fir, Oi 
Balsam, Fir, Oleoresin 
talsam, Peru 
Balsam, Peru Oil 


Basil 

Basil, Oil 

Basil, Oleoresin 

Bay 

Bay, Laurel, California Oil 


tay, Leaves, Extract 

Bay, Leaves, Oil 

Bay, Leaves, Oleoresin 

Bay, Sweet, oil 

Beechwood, Creosote 

Benzaldehyde 

Benzaldehyde Dimethyl 
Acetal 

Benzaldehyde Propylene 
Glycol Acetal 

Benzal Glyceryl Acetal 

Benzodihydropyrone 

Benzoic Acid 

Benzoin 

Benzoin, Gum 

Benzophenone 

Benzy! Acetate 

Benzyl Acetoacetate 

Jenzylacetone 

Benzyl Al ohol 

Benzyl Benzoate 

Benzyl iso-Buty! Ketone 

jenzyl Butyrate 

Benzyl! iso-Butyrate 

Benzyl Cinnamate 

Benzyldimethy! Carbiny! 
Acetate 

Benzyldimethy! Carbiny! 
n-Butyrate 

Benzyldimethy! Carbinyl 
Formate 

Benzyl Dipropy! Ketone 

Benzylethy! Alcohol 

Benzyl Ethyl Ether 

Benzyl-iso Butylearbinol 

Benzyl iso-Eugenol 

Benzyl Formate 

Benzyl Mercaptan 

Benzyl Methoxethyl Acetal 

Benzyl Methy! Tiglate 

Benzyl Phenylacetate 

Benzyl! Propionate 

Benzyl Propy! Carbinol 

Benzyl Salicylate 

Benzyl iso Valerate 

Bergamot, Oil 

Bilberry Extract 

Birch, Sweet, Oil 

Birch, Tar, Oil, Refined 
(Rectified ) 

Blackberry, Bark, Extract 

Blessed Thistle Herb 

Blessed Thistle Herb, 
Extract 

Blessed Thistle Herb, 
Extract, Solid 

Blessed Thistle Herb, Oil 

Bois De Rose, Oi 

Borneol 

iso- Borneo! 

Bornyl Acetate 

iso-Bornyl Acetate 

Bornyl Formate 

iso-Bornyl Formate 

iso-Borny! Propionate 

Bornyl Valerate 

Borny] iso-Valerate 

iso-Bornyl iso-Valerate 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
NFA 
GRAS 
GRAS 
GRAS 
GRAS 
FA 
GRAS 
GRAS 
NFA 
GRAS 
GRAS 
GRAS 
NFA 
GRAS 


GRAS 
GRAS 
NFA 


NFA 


NFA 

NFA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
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Boronia, Absolute 

Brominated Vegetable ¢ 

Bruit, Oil 

Buchu, Leaves, Oil 

Buck Bean Leaves, 
Extract 

n-Butanol 

iso-Butanol 

Butter Acids 

Butter, Esters 

Butter Starter Distillate 

n- Butyl Acetate 

iso- Butyl Acetate 

n- Buty! Acetoacetate 

iso-Butyl Acetoacetate 

iso-Butyl Angelate 

n- Butyl Anthranilate 

igo-Butyl Anthranilate 

iso Butyl Benzoate 

iso-Buty! Benzyl ¢ arbinol 

Butyl Benzyl! Ether 

n-Butyl Butyrate 

iso- Butyl Butyrate 

n- Butyl iso-Butyrate 

iso- Butyl iso- Butyrate 

Butyl Butyry! Lactate 

n-Butyl Caproate 

iso-Butyl Caproate 

n-Butyl Cinnamate 

iso-Butyl Cinnamate 

a-(n-Butyl) Cinnami 
Aldehyde 

n-Butyl Decylenate 

n-Butyl Formate 

iso- Butyl Formate 

iso-Butyl Fury! 
Propionate 

Butyl Heptylate 

Butyl Heptylate 

Butyl p- Hydroxy benzoate 

n-Buty] Lactate 

n-Buty! Laurate 

n-Buty! Levulinate 

iso-Butyl-n-Methyl 
Anthranilate 

peter Butyl Methyl! 
Phenylacetate 

Buty! Oleate 

Butyl Phenylacetate 

iso-Butyl Phenylacetate 

n-Butyl Propionate 

iso-Butyl Propionate 

6-iso- Buty! Quinoline 

ter-Buty! Quinoline 

ivo- Buty! Salicylate 

Buty! Stearate 

n-Butyl Stearate 

Buty! Undecylenate 

Butyl Valerate 

n-Buty! iso- Valerate 

Butylated Hydroxyanisole 
(BHA) 

RMUL 200 ppm in fin 
food 

Butylated Hydroxytoluene 
(BHT) 

n-Butyraldehy de 

iso-Butyraldehyd 

n-Butyric Acid 

iso-Butyrice Acid 

Butyroin 


Cabreuva, Oil 
Cacao, Extract 
Cactus, Root, Extract 
Cade, Oil (Juniper Tar) 
Caffeine 
Cajuput, ¢ vil 
Calamus 
Calamus, 011 
Calcium Acetate 
Calumba, Extract 
Camphene 
d-Camphor 
Camphor, Japanese, Oil, 

White 

RMUL 10 ppm 

Camphor, Oil 
Cananga, Oil 
Cape Aloe Extract 
Oapers 
Capsicum Extract 
Capsicum, Oleoresin 
Caramel Color 
Caraway 
Caraway, Oil 
Carboxymethy! Cellulose 
Cardamom 
Cardamom Seed, Oil 


GRAS 
GRAS 
NFA 

GRAS 


NFA 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
NFA 
GRAS 
GRAS 
GRAS 
FA 


GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 


FA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 


GRAS 
NFA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
NFA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 


GRAS 
Food 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


Carmine 
Carob Bean, Extract 
Caryophyllene 
Caryophyllene hol 
Carrot, Oil 
Carvacrol 
Carveol 
Carvomenthol 
Carvone 
Carvyl Acetate 
Carvyl Propionate 
Cascara Bitterless 
Extract 
‘ascarilla, Bark, Extract 
ascarilla, Bark, Oil 
assia 
assia, Bark, Extract 
Bark, Ov 
assia Buds 
Absolute 
oi 
astoreum Extract 
astoreum, Liquid 
Catechu, Extract 
Catechu, Powder 
‘ayenne 
edar, Leaf, Oil 
American 


( 

( 

( 
Oassia 
{ 

Castor 
‘ 

‘ 


edarwood Red 
Oil 

Cedarwood, American, 
White, Oil 

Cedreno! 

Cedrol 

Cedrone 

Cedryl Acetate 

Celery Seed 

Celery Seed Extract 

Celery Seed, Extract, Solid 

Celery Seed, Oil 

Centaury Herb 

Cetyl Aleohol 

Chamomile Flower, English 
Oil 

Chamomile Flower, 
Hungarian, Oil 

Chamomile Flower, Roman 
Extract 


Chamomile Flower, Roman, 


Oi 
Cherry Laurel Water 
Cherry Leaf, Extract 


Cherry Pits, Extract 

Cherry, Wild, Bark, 
Extract 

Chervil 

Chestnut Leaves 

Chestnut Leaves, Extract 


Chestnut Leaves, Extract, 
Solid 

Chevreperylills Essence, 
Liquid, Absolute 

Chicory, Extract 

China Bark, Extract 

Chirata Herb, Extract 

Chives 


Cinchona, Bark, Red 
Cinchona, Bark, Red, 
Extract 


RMUL 100 pppm 
Cinchona, Bark, Red, 
Oleoresin 
Bark, Yellow 
Bark, Yellow, 


Cinchona 
Cinchona 
Extract 
RMUL 100 ppm 
Cinchona, Bark, Yellow, 
Oleoresin 
Cinchonidine 
Cinnamaldehyde 
Cinnamaldehyde Ethylene 
Glycol Acetal 
Cinnamie Acid 
Cinnamon 
Cinnamon, Bark, Extract 
Cinnamon, Bark, Oil 
Cinnamon, Leaf, Oil 
Cinnamy! Acetate 
p-Cinnamylacryloy! 
Piperidide 
Cinnamy! Alcohol 
Cinnamy! Anthranilate 
Cinnamy! Butyrate 
Cinnamy! iso-Butyrate 
Cinnamy! Cinnamate 
Cinnamyl Formate 
Cinnamy! Phenylacetate 
Cinnamy! Propionate 
Cinnamy! iso-Valerate 
Cire D’ Abeille Absolute 


Action not completed 


GRAS 
— 
NFA 
GRAS 
= GRAS 
RAS GRAS 
GRAS NFA 
GRAS GRAS 
GRAS 
AG GRAS GRAS 
GRAS GRAS 
GRAS GRAS 
GRAS GRAS 
GRAS 
NFA GRAS 
oa GRAS RAS GRAS 
GRAS RAS GRAS 
GRAS GRAS 
GRAS AS FA 
FA 
RAS \ 
RAS TFA 
RAS NPA 
NaS RAS NFA 
GRAS 
GRAS 
GRAS 
oy RAS GRAS 
RAS GRAS 
RAS FA 
RAS GRAS 
Br RAS GRAS 
GRAS | 
GRAS GRAS 
GRAS NFA 
GRAS GRAS 
— 
GRAS 
NFA 
NFA 
NFA 
GRAS 
NFA 
GRAS 
GRAS I 
GRAS 
GRAS 
GRAS 
NFA 
GRAS 
GRAS 
ci 
A GRAS 
GRAS 
aR As NFA 
GRAS GRAS 
GRAS 
NFA 
GRAS 
== GRAS 
GRAS GR 
iR 
GRAS 
GRAS = 
GRAS #RAS 
GRAS 
GR 
}RAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
ars 
4 
7 


Citraconic Acid 

Citra 

Citral Diethyl Acetal 

Citral Dimethyl Aceta 

Citric Acid 

Citror 

Citrone 

1-Citronellol, |-Citr ‘ 

rhe LA tate 

Citronell Butyrate 

Citronellyl iso-Butyrate 

Cit elly! Formate 

(itr vi Oxyvacetalae 
hyd 

Citronelly!l Phenylace 

Citronellyl Propionate 

Citronel l lerat 

Citrus Pee Extra 

Cive Absol 

Clar 

Cla Sage, Oi 

Clove 

( ve d, Extract 


Formate 


Oyclopentanone, A 


Damar Gum 


Dandelion Fluid, | 


Dandelion Root, Ex 
Solid 

Davana Oj 

Decalactone 

§.Decalactone 


Decanal 
Decanal Dimethy! 
Decanoic Acid 


n-Decano 


tenyl Methy 


Ace 


a 


GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


NFA 
GRAS 
GRAS 
Food 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
FA 
GRAS 
GRAS 
NFA 
NFA 
NFA 
GRAS 
GRAS 
GRAS 
NFA 
NFA 
GRAS 
GRAS 
PA 
GRAS 
GRAS 
\ 
GRAS 
GRAS 
‘ AS 


GRAS 
GRAS 
GRAS 
NFA 
GRAS 

\ 

\ 
GRAS 
FA 


GRAS 
NFA 


GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


sAVORING 


n-Decyl Acetate GRAS 
ixo-Decylaldehyde GRAS 
Decyl m Butyrate GRAS 
n-Decyl Propionate GRAS 
Deer Tongue, Extract GRAS 
Dextrose Food 

Dially!l Sulfide GRAS 
Diacetyl GRAS 
Diacety]l Monoxime NFA 

Diallyl Disulfide GRAS 


Dibenzyl Ether GRAS 
Dibenzyl Ketone GRAS 
Dibutyl Butyrolactone FA 

Dibutyl Sebacate GRAS 
Dibutyl Sulfide GRAS 


Diethyl Anthranilate 
Diethyl Malate 

Diethyl Hydroquinone NFA 
Diethyl Maleate FA 


Diethy! Malonate GRAS 
Diethyl Sebacate GRAS 
Diethyl Succinate GRAS 
Dieth lartrate GRAS 
Dig ol Laurate NFA 
Dihvdrocarveol GRAS 
Dihydrocarveol Acetate GRAS 


Dihydropyronyl-2-Methy! 
Acetate NFA 
Dihydrosafrol FA 


Dill GR 


Seed, Indiar 


1,4-Dimethoxy benzene FA 


Dimethy] Acetophenone GRAS 
Dimethyl Anthranilate GRAS 
Dimethy! Benzyl! Carbinol GRAS 
Dimethyl Hydroquinone FA 


Dimethyl Octanol-8 (2,6) 
a,a-Dimethylphenylacet 
ildehyde NFA 


Dimethyl Phenylethyl 


Carbinyl Acetate FA 
Dimethvwl Rescorcinol GRAS 
Dimethyl Succinate GRAS 
Dimethyl Sulfide GRAS 
Dipropyl Ketone GRAS 
Disodium Phosphate GRAS 
Ditetrahydrofurfuryl 

Phthalate NFA 
Dittany of Crete GRAS 
Dittany of Crete, Extract NFA 
Dittany of Crete, Extract 

Solid NFA 
Dittany of Crete, Oil NFA 
-Dodecalactone GRAS 
5-Dodecalactone 
n-Dodecana 
2-Dodecenal-1 


grass 
Draco Rubin Extract \ 
Dulse \ 
Ider Flower GRAS 


Klem Gum GRAS 
Elen Oj} GRAS 
Erigeron, Oi GRAS 
} Oi GRAS 
Ethane GRAS 
p-Ethoxy Benzaldehyde GRAS 
Ethyl Abietate ( Purified) GRAS 
Ethyl Acetate GRAS 
Ethyl Acetoacetate GRAS 
Ethyl Aconitate (Mixed 

Esters ) GRAS 
Ethyl Acrylate GRAS 
Ethyl Allyl Acetoacetate NFA 
Ethyl n-Amyl Ketone GRAS 
Ethyl Anisate GRAS 
Ethyl Anthranilate GRAS 
Ethyl] Benzoate GRAS 
Ethyl Benzoylacetate GRAS 
Ethyl Benzyl Acetoacetate GRAS 


2-Ethyl Butyl Acetate GR 


a-Ethyl-8-Butyl Acrolein GRAS 
Ethyl Butyl Ketone GRAS 
Ethyl n-butyl Malonate GRAS 


2-Ethyl Butyraldehyde 


Ethyl Butyrate GRAS 
Ethyl iso-Butyrate GRAS 
a-Ethyl Butyric acid GRAS 


thyl Butyrolactone 
Action not completed 

Ethy! Carvacrol 

Ethyl! Cellulose NFA 

Ethy! Cinnamate 

F 


thyl Crotonate 


INGREDIENTS UNDER THE 


I 


FOOD 


thy] Cyclot 
thyl Cyclol 


exyl Gly 


exyl 


Ethyl Decylate 
Ethyl isc pgenol 
Ethyl Formate 
2-Ethyl Fur Acro 
Ethyl Furvlipropionate 
Ethyl Guatia 
Ethyl Heptanoa 
Ethyl Hexadienoate 
Ethyl Hexanoate 
Eth Hydrocinnama 
Eth Lacta 
eh I irate 
Ethyl Levulinate 
eth 1-Methvlace 
etate 
Ethyl-8-Methyl-§-An 
Glycidate 
Eth Methyl Anthr 
Ethyl Methyl p-Toly 
G idate 
Eth Myristat 
Eth Nitrite 
E thyl-y-Nonala 
Ethyl Nonanoate 
hyl Octanoate 
Ethyl Oetine Carbona 


th Oxvyhydrate 
th Phenyla ate 
thy] Phenylt rat 
th Pher G idat« 
hyl-a-P inate 
} P I nate 
} Pyruvate 
5 ate 
stear 
Tigla 
Eth p-Toly!| G 
Ethyl Undeeylena 
} } ] Va rate 
hyl iso-\ ate 
Eth Vanillin 
Ethvler ilveol Monc 
yl Ether Aceta 
Eth ily Mor 
hy! Ethe 
tus 
vo-Euger 
ger Acetat 
ivo-Amy! Etl 
genol Be te 
Euger Forma 
> Euge For 
Kuger 
ruger 
de 
Be } ‘ 
| \ hol 
nnel. Cor 
Fennel. Sweet 
T ee 4) 
Fenugreek 
ek, xtra 
Fenugreek, Oleoresir 
Need Canadia 
Siberian. Oi 
Formic Acid 
mar Acid 
Furfural 
Furfuryl Acetat 
} Aleohe 
furyl M aptar 
furylidene Acet 
Furyl Acetone 
Furyl A 
Fuse Oj tefined 
Galangal, I t 
G angal, Root Ex 4 
Galangal, Root, O 
Galbanum, O 
Galbanum, Resir 
Garlic, Oil 
Genet, Absolute 
Cenet xtract 
Gentian Root, Extra 


Geraniol 

Geranium 
Geranyl A 
Geranyl Ac 


Geranyl Be 


Rose, Oi 
etate 
etoacetate 


nzoate 


ADDITIVES 


AMENDMENT 


AS ( 
GRAS ( 
GRAS ( 

( ar 
GRAS 

( 
GRAS 


der 
der Herb 
der Herb 


n-Butyrate 
o-Butyrate 
( oate 

Ethyl Ether 


| Phenylacetate 


Propionate 
so-Valerate 
Herb 

Extract 


Extract 
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GRAS 
GRAS 
GRAS 
NFA 

GRAS 
GRAS 
GRAS 
GRAS 
NFA 

NFA 


NFA 


m GRAS 
GRAS 
xtract GRAS 
i GRAS 
Oleoresin GRAS 
Pentaacetate I \ 
GRAS 
r'ributyrate GRAS 
Monooleate GRAS 
Monostearate GRAS 
ra late GRAS 
d NFA 
n, Ammoniated GRAS 
Paradise GRAS 
Oil GRAS 
Gum, Extract GRAS 
Wood, Extract GRAS 
Wood, Oil GRAS 
GRAS 
Phenylacetate GRAS 
tate GRAS 
rate FA 
mate FA 
m GRAS 
Gum GRAS 
Food 
Black, Extract GRAS 
GRAS 
‘ GRAS 
hyde GRAS 
de 
G ol Acetal NFA 
G ryl Acetal GRAS 
ris hyl Aceta GRAS 
GRAS 
tate GRAS 
Aleoho GRAS 
i rate GRAS 
Butyrate GRAS 
namate GRAS 
ate GRAS 
) noate GRAS 
Acid GRAS 
‘ GRAS 
dione GRAS 
\cid GRAS 
GRAS 
al GRAS 
1-ol GRAS 
GRAS 
Acetate GRAS 
t ‘ GRAS 
e GRAS 
ite GRAS 
GRAS 
mate GRAS 
ate GRAS 
ate GRAS 
nate GRAS 
i Cyclo 
é NFA 
Bark, Extract GRAS 
GRAS 
d, Extract GRAS 
e Extract NFA 
ract GRAS 
GRAS 
tra Solid GRAS 
nt Leaves, Extract GRAS 
dish Food 
yl Butyrate GRAS 
namic Acid GRAS 
xy be acetone GRAS 
ronellal GRAS 
itronellal 
Acetal GRAS 
ronellal 
hyl Acetal GRAS 
Base or Condensa 
duct of) Hydroxy 
nellal and Methyl 
ate GRAS 
itronellol GRAS 
xy -6-Hexadecenoic 
actone GRAS 


cidate GRAS Gerany 
Ge n im 
FA Gerat 
GRAS ( 
GRAS i 
GRAS 
= 
GRAS 
GRAS ( ge 
(AAS Gings 
( z 
N \ { ( 
GRAS 
GRAS VPA alyce 
GRAS ite GRAS € 
GRAS G 4 
GRAS GRAS G 
Clove, Bud, Oleoresin GRAS GRAS Glyey 
Clove, Leaf, Oi GRAS GRAS ‘ u Cy 
Clove, Stem, Oil GRAS GRAS rape 
Clover Tops, Red, Extract GRAS (ual a 
Solid GRAS Guai 
Coca, Leaf, Extract GRAS Guat 
Decocainized D GRAS GRAS Gua + 
Cochinea GRAS GRAS ( 
Coffee, Extract GRAS Gua 
Cogna Green, Oil GRAS ( 
Cognac, White, Oil NFA Grual 
ian 
Cor Ohi! GR i 
] Coriander, Oil GRAS 
Cost Root. O} GRAS haw 
Cramp Bark, Extract GRAS ray 
GRAS 
8-Cresoxyethan« GRAS 
B-Cre Ethyl Acetate GRAS He 
o-Cre Lcetate 
Acetat GRAS i 
y-Cre iso-Butyrate 
pCre Laurat NEA 
mre Phe viacetate GRAS 
m-Ore Phenyl Ethe GRAS 
t GRAS hey 
p-Cre slicylate 
1 ty i AS 1 
Cudbear Extract GRAS 
Cumir GRAS n-He ea: 
Cumin, Oi GRAS 23-1 
Cumina n te GRAS Hexa 
= ( scao Peel, Oil GRAS 
Currant Buds, Black El FA 
Absolute GRAS Ss 
Curr B 1 B ach { ‘ 
Cyclamen Alcoh GRAS 
( omen Aldehyde GRAS 
Isocyclocitral GRAS 
( lohexyl! Acetate Oil GRAS x 
hexyl Acetic Acid FA NPA 
( hexyl Anthranitlate FA GRAS 
] Cyclohexyl-n-Butyrate FA GRAS 
Oyclohexy! Cinnamat FA GRAS 
Cyclohexylethyl Acetate FA GRAS 
Cyclohexy] FA GRAS 
Oyclohexyl Methyl Ether NFA GRAS 
i Cyclohexy! Propionate GRAS FA 
Cyclohexyl iso-Valerate FA ra 
cetylated FA FA 
Acetate FA Hyd 
p-Cymene GRAS H 
GRAS 
tiya 
GRAS 
GRAS D 
GRAS Sel 
GRAS ( 
| GRAS Ar 
GRAS Hyd = 
GRAS Hy 
4 
‘RAS 
n-2-Decenal-1 GRA 
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3-Hydroxy-2-Methyl-y 
Pyrone 

1-Hydroxynonan-3-one 
Acetate 

Hyssop 

Hyssop, Extract 

Hyssop, Oil 


Immortelle, Extract 
Indole 

a-lonone 

B-lonone 

Irish Moss, Extract 
a-lrone 


Isopropy! Acetate 
p-lsopropyl Acetophenone 
Isoproypl A 
Isopropyl Benzoate 
Isopropyl n-Butyrate 
lsopropy! iso- Butyrate 


ohol 


Isopropy! Caproate 
lsopropy! Cinnamate 
Formate 
B-Isopropyl Pheny! 
acetaldehyde 
Isopropy! Phenylacetate 


Isopropyl 


lsopropy! Propionate 

Quinoline 

Isopropyl! Valerate 

Iva Herb Extract 

ivy Herb (Germander) 

Ivy Herb (Germander), 
Extract 

Ivy Herb (Germander) 
Extract, Solid 


lsopropy! 


Absolute 


Concrete 


Jasmine 
Jasmine, 
Jasmine, Oil 

Jasmine Spiritus 
Juniper Berries 
Juniper, Extract 
Juniper, Oil 


Karaya, Gum 


Kelp 

Kinos, Gum 

Kola Nut, Extract 
Labdanum, Absolute 
Labdanum, Vil 

Labd im, Oleoresin 
Lactic Acid 

Laurel Berries 
Laurel, Leaves, Extract 
Laurie Acid 

Lauryl Acetat 
Lavandin, Acetylated, 


Terpeneless 
avandin, Oil 
savender 
Absolut 


Concrete 


zavender 
savender, 
zavender, 01 
emon, Extract 

Oi 

rerpeneless 


I 
I 
I 
I 
I 
Lemon, i), 
I 
I 
I 
I 


emon-Grass, Vil 
evulinie Acid 
dicorice, Extract 
icorice, Extract, Powder 
icorice, Root 
ame, 
mes, Oil, Terpeneless 
d-Limonene 
Linaloe Wood, Oi 
Linalool 
Linalyl Acetate 
Linalyl Anthranilate 
Linalyl Benzoate 
Linalyl Butyrate 
Linaly! iso-Butyrat 
Linaly! Caproate 
Linalyl Caprylate 
Linalyl Cinnamate 
Linalyl Formate 
Linalyl Propionate 
Linalyl ivo-Valerate 
Linden Flowers 
Locust, Gun 
Logwood Chip, Extract 
Lovage 
Lovage, Extract 
Lovage, 


Mace 

Mace, Oil 
Mace, Oleoresin 
Maleic Acid 


GR 


GR 


AS 


AS 


GRAS 
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Malic Acid GRAS 
Maloniec Acid GRAS 
Malt, Extract Food 
Mandarin, Oil GRAS 
Manna GRAS 
Maple, Extract Food 
Marigold, Pot NFA 
Marjoram, Oleoresin GRAS 


Marjoram, Pot NFA 


Marjoram, Seed GRAS 
Marjoram, Sweet GRAS 
Marjoram, Sweet, Oil GRAS 
Mate, Extract Food 


Melilot Herb FA 


Melissa, Oil GRAS 
Melonal GRAS 
1,8-p-Menthadien-7-ol NFA 

Menthol GRAS 
d)-neo-Menthol GRAS 
Menthone GRAS 
Menthy! Acetate GRAS 
Menthy! iso-Valerate GRAS 
Methallyl Butyrate NFA 


Methoxy-4-iso-Hexenyl 
Tetrahydro Benzaldehyde 
Action not completed 
o-Methoxy Methyl 
Benzoate NFA 
2-Methoxy-4-Methyl Phenol GRAS 


1-(p-Methoxyphenyl) 2- 
Propanone FA 

4-(p-Methoxypheny!) 
Butanone-2 FA 


1-(p»Methoxypheny]) 


Penten-l-one-3 GRAS 
p-Methoxytoluene GRAS 
Methyl Acetate GRAS 
p- Methyl Acetophenone GRAS 
Methyl Anisate GRAS 
Methy! Anthranilate GRAS 
Methy! Benzoate GRAS 
Methyl Benzyl Acetate GRAS 
a-Methy! Benzyl Acetone NFA 
p-Methy! Benzy! Acetone NFA 
a-Methyl Benzy! Alcohol NFA 
Methyl iso-Butyl Ketone NFA 


Methy! ter-Butyl 
Phenylacetate FA 
3-Methyl, 5-n-Butyl Tetra- 
hydro 4-Pyranyl Acetate FA 
2-Methy! Butyraldehyde 
Methyl-n-Butyrate GRAS 


Methyl iso-Butyrate GRAS 
Methy! Cetine Carbonate NFA 
Methyl Cellulose GRAS 
Methy! Chavicol GRAS 
Methyl Cinnamate GRAS 
a-Methy! Cinnamic 

Aldehyde GRAS 
}-Methy! Coumarin FA 
4-Methy! Coumarin FA 
6-Methyl Coumarin GRAS 
Methyl o-Cresyl Ether GRAS 
Methyl! p-Cresy! Ether GRAS 


1-Methylcyclopenta 
dione-2,3 GRAS 
1-Methyl-1-Cyclopentene 
2-ol-3-one Butyrate 
Action not completed 
1-Methyl-1-Cyclopentene- 
2-ol-3-one iso- Valerate 
Action not completed 


Methyl Decyne Carbonate GRAS 
Methy! Dihydrobietate GRAS 
6-Methy! Benzodi 

hydropyrone GRAS 
Methy! 3,4-Dimethyl 2-3 

E poxy-4-Hexenoate GRAS 
4-Methyl-7-Ethoxy 

Benzopyrone GRAS 
Methyl Ethyl Acetaldehyde GRAS 
Methy! Ethyl! Ketone NFA 
Methy! Eugenol GRAS 
Methyl iso-Eugenol GRAS 
5-Methy! Furfural GRAS 
Methyl Furoate GRAS 
a-Methyl Fury! Acrolein GRAS 
2-Methylheptanoic Acid GRAS 
Methyl Heptenone GRAS 
Methyl Heptine Carbonate GRAS 
Methyl! Heptylate GRAS 
Methyl Heptyl Ketone GRAS 
Methyl Hexanoate GRAS 
Methyl-2-Hexenoate GRAS 


Methyl Hexy! Acetaldehyde NFA 


Methyl Hexy! Ketone GRAS 
p-Methyl Hydrotropic 

Aldehyde NFA 
Methy! Hexyl Ketone GRAS 


p- Methyl Hydrotropic 
Aldehyde 

Methyl p-Hydroxybenzoate 

Methy! a-lonone 

Methy!-8-lonone 

Methyl-y-lonone 

Methyl-5-lonone 

a-Methyl-iso-lonone 

Methyl Laurate 

Methyl Mereaptan 

a-Methyl-p-Methoxy 
Cinnamic Aldehyde 

Methyl 4-Methylpentanoic 
Acid 

1-Methyl-4 (4-Methyl-3- 
Penteny!)-1,2,3,6-Tetra- 
hydrobenzaldehyde 

Methyl-8-Methylthiol- 
propionate 

Methy! Myristate 

Methyl a-Naphthy! Ketone 

Methyl! §-Naphthy! Ketone 

Methyl Nonyl Acetaldehyde 

Methy! Nonyl Ketone 

Methyl Nonylen-2-ate 

Methyl! Octanoate 

Methy! Octyne Carbonate 

Methy! Pelargonate 

2-Methyl Pentanoic Acid 

p Methylpheny! 
acetaldehyde 

Methy! Phenylacetate 

Methyl Pheny! Butanone 

3-Methyl-4-Phenyl-Butene 
s-one-2 

Methyl! Phenylbutyrate 

Methyl Pheny! Glycidate 

3-Methyl-3-Pheny! Glycidic 
Acid, Ethyl! Ester 

Methy! Phenyl Methyl 
Glycidic Acid 

Methy! Phenyl! Methyl 
Glycidate 

Methyl! Phenylpropionate 

Methy! Propionate 

Methyl n-Propy! Ketone 

Methy! Pyrazine 

N-Methylpyrrole 

p-Methy! Quinoline 

Methy! Salicylate 

Methyl Styry! Carbinol 

B-Methylthiolpropionalde 
hyde 

2-Methyl-3-Tolyl Propanal 
(Mixed o, m, p) 

Methyl Undecylenate 

Methyl Undecyc! Ketone 

Methyl! n-Valerate 

Methy! iso-Valerate 

Methy! Vanillyl Ketone 

Methylol Methyl Amy! 
Ketone 

Mimosa, Absolute 

Molasses, Extract 

Monosodium Glutamate 

Mountain Maple, Extract, 
Solid 

Mountain Maple, Bark 

Mountain Maple, Bark, 
Extract, Solid 

Mousse Nova Tris 

Mug Wort 

Mullein Flowers 

Musk Ambrette 

Musk Ketone 

Musk Tibetine 

Musk Tonquin 

Musk Xylol 

Musk Zibata 

Mustard, Brown 

Mustard, Yellow 

Myrcene 

Myrrh, Gum 

Myrrh, Oil 


B-Naphthy! Anthranilate 
B-Naphthy! iso-Buty! Ether 
B-Naphthyl Ethyl Ether 
B-Naphthy!l Methyl Ether 
Naringen, Extract 

Nerol 

Neroli Bigarde, Oil 
Nerolidol 

Nery! Acetate 

Nery! Butyrate 

Nery! iso-Butyrate 

Nery! Formate 

Nery! Propionate 
Neryl-iso- Valerate 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
NFA 


GRAS 
GRAS 
GRAS 


GRAS 
FA 


GRAS 
GRAS 
GRAS 
GRAS 
FA 

FA 

GRAS 
GRAS 
GRAS 


GRAS 


NFA 
GRAS 
NFA 
GRAS 
GRAS 
NFA 


GRAS 
GRAS 
Food 

GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


Nitrous Oxide 
Nonanal 
2,6-Nonadienol 
Nonanediol 1,3 Acetate 
(Mixed Esters) 
n-Nonoic Acid 
n-Nonyl Acetate 
n-Nony! Alcohol 
Lactone 
Nony! Octanoate 
n-Nony] iso-Valerate 
Nonyl Vanillylamide 
Nutmeg 
Nutmeg, Oil 


Oak Chips, Extract 
Oak Moss, Absolute 
Oak Moss, Extract 
7-Octalactone 

Octanal 

Octanal Dimethyl! Acetal 
Octanoic Acid 
1-Octanol 

2-Octanol 

3-Octanol 

n-Octyl Acetate 

n-Octyl Benzoate 
n-Octyl Butyrate 
n-Octyl iso-Butyrate 
n-Octyl Caprylate 
n-Octyl Ethyl Amine 
n-Octyl Formate 
n-Octyl Heptylate 

n- Octyl Phenylacetate 
n-Octyl Propionate 
n-Octyl Salicylate 
n-Octyl iso-Valerate 
Oleic Acid 
Olibanum 
Olibanum, Extract 
Olibanum, Oil 
Onion, Oil 
Opopanax, Gun 
Opopanax, Oil 
Orange Flowers 
Orange Blossoms, 
Leaf, Absolute 
Distilled 


Orange 
Orange Oil 
Orange Oil, Terpeneless 
Peel, Bitter, Oil 


Peel, Sweet, 


Orange 

Orange 
Extract 

Orange, Peel, Sweet, Oil 

Orange, Peel, Sweet, Oil, 
Terpeneless 

Oregano 

Origanum, Oil 
(Extractive) 

Orris, Root, Extract 

Orris, Conerete, Liquid, 
Oi 


Palma Rose, Oil 

Paprika 

Paprika, Oleoresin 
Parsley 

Parsley, Oil 

Parsley, Oleoresin 
Patchouly, Oil 

Pea, Sweet, Oil 

Peach Kernel Oil 

Peanut Stearine 
n-Pelargonyl Morpholide 
ivo-Pentaldehyde 
4-Pentenoic Acid 
Pepper, Black 

Pepper, Black, Oil 
Pepper, Black, Oleoresin 
Pepper, Red 

Pepper, White 

Pepper, White, Oil 
Pepper, White, Oleoresin 
Peppermint, Leaves 
Peppermint, Oil 

Perilla, Oil 

Perillyl Acetate 
Petitgrain, Oil 
Petitgrain, Lemon, Oil 
Petitgrain, Mandarin, Oil 
a-Phellandrene 
Phenoxyacetic Acid 


2-Phenoxyethanol 


Phenoxyethy! iso-Butyrate 


Phenylacetaldehyde 

Phenylacetaldehyde-2,3- 
Butylene Glycol Acetal 

Phenylacetaldehyde 
Dimethyl! Acetal 


Absolute 


GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
NFA 

GRAS 
GRAS 


GRAS 
GRAS 
NFA 

GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
GRAS 


GRAS 
GRAS 
GRAS 
GRAS 


AS 
AS 


GRAS 
GRAS 
NFA 
NFA 
GRAS 
GRAS 
GRAS 
GRAS 
GRAS 
FA 
GRAS 
GRAS 


GRAS 


GRAS 


by 
NFA 
GRAS 
GRAS 
= GRAS 
GRAS 
GRAS GRAS 
‘ae GRAS GRAS 
GRAS 
GRAS 
GRAS 
GRAS NFA 
GRAS 
GRAS GRAS 
RAS 
GRAS 
| GRAS 
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uble-Monochromator gives IR-4 superior resolution for infrared analyses. 
Because of this unique Double-Monochromator the IR-4 provides greater dispersion and greater energy 
than any instrument of its class. That means superior resolution for all infrared analyses: maximum 
resolution for fine molecular structure studies at slow scanning speeds...normal resolution for routine 
analyses at fast speeds. Photometric accuracy is unsurpassed. And, regardless of optics used, stray light 
effects are negligible. ™ In addition, the IR-4 offers these outstanding features: wide variety of scanning 
speeds...choice of wave length scale expansions and chart abscissa presentations...repetitive scan. 
There is a complete line of accessories including: CsBr and other prism interchanges, infinitely vari- 
able %T scale expansion, auxiliary slave recorder, micro cells and large volume cells for liquid, gas, 
and solid samples. ™ For complete information on the many analytical benefits to be gained from the 


Double-Monochromator IR-4,write today for Data File 34-10-02 Beckmar 


Scientific and Process | Instruments Division 


Beckman Instruments, Inc 


2500 Fullerton Road, Fullerton, California 


It’s a Fact: The Beckman 15A Infrared Analyzer, due to its sensitivity and rapid response, can detect the photosynthesis of 
a leaf exposed to a one-second flash of light — equal to the production of less than one-billionth pound of sugar. 
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Problems Relating to the Extractability of 


Food Container Components 
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Fos MANY YEARS, the food con- 
tainer industry has used organic and inorganic 
components in the coatings, adhesives and sealants 
employed in the manufacture of food containers. At 
the time the Food Additive Amendment of 1958 
became a law it was necessary to demonstrate that, 
under the conditions of their intended use, these ma- 
terials were in compliance with the Amendment. At 
the present time, the Food and Drug Administration 
has cleared the use of a large number of components 
in the manufacture of containers, on the basis of evi- 
dence which shows that there is no critical hazard in 
the continued use of these materials. In the case of 
metal can coatings alone, some 240 components have 
been cleared for food containers, many on the basis of 
prior sanction, and others on the basis of time exten- 
sion. Ina very few instances, where adequate evidence 
was not available at the time the law went into effect, 
the materials have been withdrawn from use, until 
data to establish their safety, under the conditions of 
intended use, are available. 

We are primarily with the 
characteristics of organic chemical materials ; the plas- 


coneerned behavior 


ties, can enamels and sealants. These are composed 
mainly of high molecular weight polymeric materials, 
but are sometimes blended with small percentages of 
improve their performance. 
have been tested their 


other 
Those presently in 


components to 
use and 
safety demonstrated. 

The organic chemical industry is very active in 
developing new materials and in seeking new mar- 
kets for them. Such materials will be evaluated and 
used for the development of new and improved food 
containers. Therefore, a program of evaluation and 
testing for safety must be developed if progress is to 
be realized. 

There are two ways to demonstrate the safety of 
materials for use in food packaging. If it can be con- 
clusively demonstrated that no extraction oceurs on 
exposure to food and its associated fluids then the 
material is not a food additive and the provisions of 
the Food Law Amendment of 1958 do not apply. If 
extraction or migration does occur, it must be shown 
that the extracted substances not constitute a 
hazard for the consumer of the food. 

The Food and Drug Administration (5) recognizes 
the difficulty of analyzing actual food products for 
traces of organic packaging materials. Therefore, 
they have suggested the use of simple, synthetic media 
for use in conducting extraction studies. Specifie pro- 
cedures based on the use of such media which have 
been developed by the Research Division of the Con- 
tinental Can Company (1) are accepted as suitable 
for the evaluation of enamel films by the can making 
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industry and by the Food and Drug Administration. 
A combination of evidence obtained by such extrac- 
tion studies and long term feeding tests, conducted by 
and under the sponsorship of the American Can Com- 
pany (2) resulted in the acceptance of the majority 
of can enamel materials by the Food and Drug <Ad- 
ministration long before the Food Law Amendment 
of 1958 was enacted. It seems probable that the same 
laboratory procedures will be effective in establishing 
the safety of new materials for future use in food 
containers. 


MODE OF ATTACK ON THE PROBLEM 


From the standpoint of an organic chemist, it seems 
desirable to attack the problem in relation to the 
known and expected properties of the various com 
ponents of the plastic, the enamel film, the sealant, or 
the adhesive which is to be examined. Thus, by a 
process of elimination, effort can be expended on the 
materials most likely to be extracted and their safety 
or lack of it established without involvement with the 
innocuous ingredients with which they may be associ 
ated. Therefore, an attempt will be made to classify 
the materials most commonly used in packaging and 
to discuss the probabilities of their migration into 
food products. 

Enamels, 
materials which have been applied from solvent solu 
tion and then baked in an oven to complete the con 
densation and cross-linking reactions necessary to give 


Can enamels consist mainly of resinous 


coatings which adhere tightly to the metal surface. 
The resulting films are insoluble in water and most 
common organic solvents. The base resins for these 
coatings are generally referred to as thermosetting 
resins. The most common types are shown in Table 1. 


TABLE 1 


Thermosetting resins 


Epoxy 

Alkyd 
Polyester 
Polyurethane 


Phenol-formaldehyde 
Urea-formaldehyde 
Melamine-formaldehyde 
Drying oils 


If the application and baking procedures are 
properly conducted these materials convert to odor- 
less, tasteless, and highly insoluble component parts 
of the container. In general, they will be found to 
give negligible extraction under the conditions of 
proposed use. Probably the most sensitive empirical 
test which can be applied to show the inert nature of 
these materials is to expose them to a food product and 
then conduct a taste test by a panel of trained taste 
experts using established statistical techniques. Very 
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slight off-flavors are more readily detectable than is 
extractability by the usual analytical procedures. 
Thermoplastic materials. In some instances poly- 
meric materials other than these thermoset resins may 
be used either as coatings or for covering specific areas 
of a food container to improve its resistance to attack 
by the container contents. The most common of these 
are the so-called thermoplastic materials which can be 
melted by heat and which harden on cooling, but with 
out undergoing the curing reactions which charac- 
terize the thermosetting resins. The most common 
commercially available types of these materials are 


shown in Table 2. 


TABLE 2 
Thermoplastic resins 


tyral, chloride, formal 
ene isobutylene 
erylate, acrylonitrile 


lidine chloride 


With the polymeric materials it is frequently de- 
sirable to incorporate flexibilizing materials or plas- 
ticizers, as well as stabilizers and possibly antioxi- 
dants. Here again the resins themselves are usually 
of such high molecular weight that they show no 
extractability under the usual conditions of testing. 
The plasticizers, stabilizers, and antioxidants are a 
different matter. Since they are small in molecular 
size their tendency to migrate into the media in con- 
tact with the film is sometimes significant. Fortu 
nately, the packaging industry recognized this possi- 
bility and as a result many of the more commonly 
used materials of these types have been examined and 
found to be safe under the conditions of use in food 
packaging. However, any new materials of the plas 
ticized resin types would have to be subjected to 
extraction and analytical procedures—and_ possibly 
to feeding studies—before clearance for use in food 
containers, 

Elastomers. A third class of polymeric organic 
chemical materials must also be considered in con 
nection with the safety of food containers. These are 
the elastomers or rubbers. Years ago, natural rubber 
in its various cured and uncured states was the only 
elastic type of material available. Now there are a 
variety of rubbers which have been found highly 
efficient materials in the food packaging industry. 
The more common types are shown in Table 3. 

The elastomeric polymers themselves are high mo- 
lecular weight materials which show little or no 
solubility in aqueous solutions. Most of them are 
already considered to be safe for use in food pack 


TABLE 3 


Elastomeric resins (rubbers) 


Natural ( Hevea) 
Butadiene-styrene (GR-S) 
Butadiene-acrylonitrile (GR-N) 
Polychloroprene (Neoprene) 
[sobutylene-isoprene (Buty!) 
Polyisoprene (Synthetic Natural) 


aging containers. However, for use as a sealant or 
adhesive they are compounded or mixed with such 
things as tackifying resins, antioxidants, pigments, 
fillers, ete. These are the materials most likely to be 
extracted when the rubber products are brought in 
contaet with food products. Most efforts have been 
placed on determining to what extent these com- 
pounding ingredients may migrate and their biologi- 
eal effect if they clo. 

These compounded elastomeric materials include the 
sealing compounds which form the seal between the 
ends and the body of the metal cans. Tops for glass 
containers also use rubber-based compounds to main- 
tain a seal between the lid and the glass jar or bottle. 
In some instances, adhesives for paper, metal or plas- 
tic containers may consist of compounded elastomeric 
resins. In all of these applications, only a narrow 
band or thin edge is in contact with food. 

These then are the principal classes of chemical ma- 
terials with which the food packaging industry must 
be concerned, Generally, the high molecular weight 
polymeric materials are of little or no particular con- 
cern. Testing procedures have already shown. that 
they are so insoluble in most common food products 
that there is essentially no chance of migration into 
food 

Where it is desirable or necessary to incorporate 
other materials such as colorants, plasticizers, fillers, 
pi nts, antioxidants or low molecular weight resins 
into container coatings or sealants. they must be 
selected with great care 


Most pigments and fillers 
are insoluble and chemically inert, and food grade 
materials are commercially available. Plasticizers and 
antioxidants have been carefully screenee and accept- 
able grades may be used within specific limits. The 
use of colorants is questionable, at least until the 
situation is clarified in terms of the proposed Color 
Additives Amendment 


FAT-CONTAINING FOODS PRESENT THE 
MOST SEVERE PROBLEMS 


Of all of the various food products those containing 
appreciable quantit of fats and oils present the 
most severe problems with regard to migration of 
components of containers materials. Fats are much 
better solvents for many of the low molecular weight 
components used in packaging materials than any of 
the aqueous brines or syrups associated with non-fatty 
foods For this reason, special care is necessary to 
avoid the use of plasticizers, antioxidants and low 
molecular weight resins which have not been cleared 
as safe in the packaging of fat-containing foods. Fats 
are, in themselves, very complex mixtures and the de- 
tection of small amounts of contaminating substances 
For this reason, the use 
of heptane, instead of fat emulsions, as a synthetic 


presents great difficulties 


media for extraction studies has recently been 
authorized 


Since rosin and similar types of low molecular 
weight resins are commonly used as tackifying agents 
for sealants and adhesives it seemed desirable to de- 
velop analytical methods for their detection. Although 
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there is currently no evidence that these resins are 
hazardous it would be reassuring to show that they 
do not migrate from adhesively bonded seams into 
the contents of a container. The worst possible combi- 
nation of conditions was selected when an attempt was 
made to develop a method for determining traces of 
rosins in fats. 

The literature describes methods for determining 
rosin acids in tall oil and in varnish-type coatings, 
but these are not adaptable to the detection of small 
amounts, A modified Lieberman-Storch colorimetric 
procedure described by Swann (4) was found to give 
a positive test at concentrations as low as 100 ppm, 
but no reliable data at lower levels. This observation 
confirms that of Mareali (3) who found it necessary 
to develop a new technique for determining the ex- 
tractability of a rosin derivative from neoprene-resin 
coatings for paper. He developed a reactive dye 
which gave a chloroform-soluble rosin salt. The con- 
centration of this salt in chloroform solution ean be 
measured by spectrophotometric procedure. A sample 
of this dye was obtained from Dr. Mareali and the 
procedure found to give reproducible results, if inter- 
fering acidic components were eliminated from the 
material to be analyzed. However, it has not been 
possible to separate all of the interfering substances 
from either natural or synthetic fat-containing ex- 
traction media, and the method is not presently 
applicable to these materials. 

Recently evidence has been presented to the Food 
and Drug Administration to show that under condi- 
tions of ordinary usage there is essentially no ex- 
posure of tin can end-sealing compounds to the 
container contents. Since this is the case there is no 
serious question of extractability or migration. Ex- 
traction studies conducted prior to presentation of 
this evidence had indicated that these materials were 
at most only slightly attacked by the synthetic extrac- 
tion media. Only when acidic media were used did 
any weight loss occur. This was shown to be caused by 
solution of part of the harmless alkaline earth oxides 
which these compounds contained. 

It has been possible to show, by extraction tests, 
that an organic colorant added to a base coat enamel 
does not migrate through a suitable protective top 


coat. This was done by first developing a spectro- 
photometric procedure for the analysis of the colorant 


in a dilute aqueous solution of the extraction media 
It was found that as little as 0.1 ppm could be deter 
mined with accuracy. The base coat enamel was then 
applied to aluminum and baked to a fully eured film 
Part of this coated plate was then given a second 
coating of the protective top coat. Strips of single 
and double coated plate were exposed to boiling ex- 
traction media for a week after which the extracts 
were analyzed. Whereas, a slight leaching of the 
colorant had occurred from the singly-coated strips, 
there was no trace of color when the top coat was used 


CONCLUSIONS 


Under present circumstances, it is possible to sas 
that the organic chemical ingredients now in use in 
the manufacture of food containers either do not 
contribute additives or the use is in compliance with 
established regulations. It is believed that the con 
tainer industry has a sufficiently broad background 
of experience with various materials and test pro 
eedures to handle the problems relating to new 
materials and to assure continued compliance with 
the Food Additives Amendment of 1958 
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creening studies at tarted on the materials of un 
known biological activity early in the developmental from USDA statisties. Had the bal enamel film been de 
stage, some of this delay may be avoided. If the ma tached from the « \ ind incorporated in the dry diet at 
te rial appears TOXI1¢. the devel ypmental work may he 10 imes the eve posur nl | foods, the rat would 
top} | at that tin have beer 1 ior hange resins at amounts which would have 
stopped ime 
; upset the physiology of the digestive tract 
lhe Hirst step in a biological evaluation of pac kaging If the mater e on storage or liquid so that ineor 
materials is one of the extraction procedures de poration in the d1 tion is not feasible, it may be pureed with 
seribed by Schniepp, Etian and Jackson (2). When peas, tomato juice or it fed daily in auxiliary 
the level of extractant is known, the amount of the dishes. Rats w ~— antities of these foods up 
to 25 g without neing ti r ke of the stock diet. 
te aterial to be use lie experiment: 
st material to b ised in the diet of the experim ntal 
animals may be easily caleulated. If the material to longevity of the rat 
be evaluated is a direct food additive, such extraction The main const s of the stock ration are natural grains 
studies, of course, are unnecessary, since the level of ind milk powder n 1 in the ratory This diet has been 
the additive in the food is predetermined If this used suecessf illv } s for 25 vears It allows simple incor- 
poration of test materials because it is not pelleted, and it is 
direct additive is introdueed before a processing step, 
; 5. readily consumed ! s and mice. The composition of 
however, some chemical study must be made of the the stock diet is shown in Table 1. 
finished product to determine whether this additive Complete blood studies, made on all animals at least three 


has remained chemically urchanged during the times during the test period, consist of hemoglobin determina 
‘ tio me hite blood cell counts and a ite 
processing. The material studied biologically must be ion, red and white coul nd a differential whit 
: blood eell count. These studies are usually made on the young 


in the same chemical state in which it will exist in the rats whet 


received in the 


and at the mid-point and 


finished product and not necessarily in the state in termination of the test. Drawing blood from the tail of the 
which it was introduced into the food. rat for these tests requires some skill and a lot of patience, and 
practice is the only solution to the problem. 
EXPERIMENTAL PROCEDURE In this laborat: nothe bloc test is being used experi 
The subacute 90-day feeding study on rats is the sereening mentally which m rive dditional pertinent information. 
tool most preferred in this laboratory. Careful observation of This is a determination of the fragility of the red blood cells. 
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TABLE 1 


Stock ration for rats and mice 


Whole milk powder 

Ground yellow corn 

Ground whole wheat 

Linseed oil meal (not extracted 
Alfalfa leaf meal 


Defatted whole liver powder 


Cod liver oil 


Bone meal 
lodized salt 


There are indications in the literature that diet will affect the 
hemolysis and subsequent release of hemoglobin by these cells. 
However, further investigation of this technique is needed be- 
fore it ean be recommended for routine use in a_ testing 
program. 

After the final blood studies have been made at the end of 
the test period, the surviving animals are necropsied. Each 
animal is earefully examined and the heart, lungs, liver, kid 
neys, spleen and testes are dissected and weighed. Any tissue 
which appears abnormal is preserved in formaldehyde for tissue 
sectioning and microscopic examination. In this subaeute test 
it is not our practice to examine all tissue microseopically. Any 
tumors or eysts are preserved for histological examination. 
The urinary bladder is examined for stones and the thyroids 


are examined for gross enlargement. 


RESULTS AND INTERPRETATION OF DATA 


An analysis of co-variance is run of the weight gain 
and food consumption data. This test will differenti- 
ate whether any statistical differences in weight gain 
or food consumption as shown by an analysis of 
variance are caused merely by differences in appetite, 
or are due to metabolic effects of the test diet. Table 2 


TABLE 2 


Weight gains and food consumption of Sprague-Dawley rats 
fed four test diets and control diet for 90 days 


Average weight Food Adjusted mean 
gains consumption ! weight gains * 


Males Females Males Females Males Females 


g 
991.6* 
479.5 
168.6 
450.6 |1052.1 
1480.9 1190.9 
Control) 
* Significant at the 95% level of confidence 
* Significant at the 99° level of confidence 
Analysis of variance test applied 
2 Analysis of co-variance test applied 


shows some data which illustrate this point. The 
adjusted mean weight gains of the last column are 
calculated on the basis of an equal food intake for 


each group. If statistical differences in these adjusted 


means are shown by the co-variance test, it means that 
the diets fed are metabolized differently from the con- 
trol diet. In this particular case the adjusted mean 
weight gains differ only slightly from the average 
weight gains and the same lot (122) is shown to differ 
very significantly from the controls in both tests. The 
significant differences in food consumption found in 
the females of lots 125 and 126 did not affect the ad- 
justed mean weight gains. 

In Table 3, however, data are shown in which the 


TABLE 3 


Weight gains and food consumption of white rats fed ten 
test diets and two control diets for 90 days 


Adjusted mean 
weight gains * 


Average weight Food 
gains} consumption ! 
Males Females Males Females Males Females 


f g 
110 317 55.3 1691 
111 Sf 1703 
112 102.3 1650 
113 287 1709 
1728 
115 1633 
(Control) 
1647 
1716 
1640 
1487 
1685 
1630 


Control) 


* Significant at the 95% level of confidence 
* Significant at the 99 level of confiden« 
Analysis of variance test applied 

? Analysis of co-variance test applied 


adjusted mean gains do differ from the average weight 
gains. In the first group of experimental lots, the 
males from lots 113 and 114 are shown to have ad 
justed mean weight gains significantly lower than the 
controls. This difference was not apparent when onl) 
the average weight gains were studied. The females 
of lot 113 were shown to have significantly lower 
weight gains by both statistical tests. In the second 
group of data, the females of lot 120 are shown to have 
a significantly lower weight gain than the controls 
although the absolute differences between the two sets 
of data are equal. This has occurred because the 
Analysis of Co-Variance tests different information 
than the Analysis of Variance. According to the 
calculations deseribed in Snedecor (4), 53° more 
female rats would have been required in this experi 
ment to show this difference by a straight analysis of 
variance. 

The hemoglobin and red blood cell counts of the 
rats are indication of the health of the animal and are 
followed, as explained earlier, during the course of 


100 ml. Blood 


Hemoglobin Grams 


Lot 121 (Control) 


Values Six Weeks Values 
* Significant at the 95°% level of confidence 
* Significant at the 99% level of confidence 


Final 


Figure 1. Initial, intermediate and final hemoglobin values 
of white rats fed test diets compared to the control diet. 
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V Six Weeks Values 


Significant at the 95% level of confidence 


Significant at the 99% level of confidence 


Figure 2. Initial, intermediate and final red blood cell 
counts of white rats fed test diets compared to the control diet. 


the experiment. Figure 1 shows a graphic comparison 
of the hemoglobin values of one set of experimental 
animals during the 90-day test period. It may be seen 
at the 6 weeks examination that while 3 lots had 
hemoglobin values significantly higher than the con- 
trols, all lots were higher numerically than the con 
trols. At the final examination these differences had 
disappeared and the value of the control lot had in 
creased 3 g per 100 ml of blood. However, lot 118 
showed an increase of only 1144 ¢ per 100 ml of blood 
and was now significantly lower than the controls. 

In the routine sereening tests of materials in this 
laboratory, hemoglobin and red blood cell effects are 
rather rare. This was the only depressed hemoglobin 
value obtained in the 14 materials discussed in this 
paper and no significant differences were noted in the 
final red blood cell counts. In Figure 2 a graphie com 
parison of the red blood cell counts is shown. The 
values initially and at the 6 weeks interval for lot 125 
differed from the controls, but this difference was not 
apparent at the final examination. Such variations in 
hemoglobin and red cell levels are common among 
laboratory rats and should be acclaimed only with 
caution. 

Differential white blood eell counts are made 
initially and at the final examination. It is normal 
for the rat to have a high lymphoeyte count of 70% 
or more and a lower polymorphonuclear neutrophil 
count of 10 to 20%. If this ratio is reversed or de- 


creased to around one, there has been a toxic effect on 
these cells caused by the diet. In addition, special 
eare should be exercised to note any pathological 
forms of the white cells and count the number of 
nucleated red blood cells. The appearance of these 
cells in the blood stream of mature rats indicates that 
a stress has been placed on the blood-forming organs 
of the body by the diet. A higher percentage (8 or 
above) of eosinophils may indicate an infection or 
perhaps an allergy in the animal 

The organ weights of the animals determined at 
necropsy are divided by their respective final body 
weight to obtain the ratio of organ weights expressed 
as per cent of final body weight. It has been shown by 
Smythe, Weil and Adams (3) that organ weights 
significantly heavier in test animals than the controls 
are an indication of unusual cellular activity in the 
organ and probable future micropathology if the ex- 
periment were continued 

Not all toxicologists subscribe to this theory; some 
feel that if the test animals do not gain as much 
weight as the controls during the experimental period 
because of food refusal. their organ weight-body 
weight ratio will be high because of a low body weight. 
This is not necessarily true, as evidenced by the data 
in Table 4. The animals in lot 122 were greatly de- 
pressed in growth, yet only the heart and _ testes 
weights of the males were significantly higher than 
the controls as determined by an analysis of variance. 
No significant differs nees were noted for the females. 

Data on control rats from the Sprague-Dawley 
strain were collected from 8 years of work in this 
laboratory. Data on the final body weight and organ 
weights of 194 males and 200 females were tabulated. 
The final body weight of the males ranged from 250 to 
500 g, depending on food intake. By the use of the 
Bendix G-15 computer, it was feasible to determine 
various eorrelation coefficients for these data. The 
weights of the liver, heart, kidneys and spleen were 
correlated with the body weight; also the ratios of 
these organs weights to the body weights were cor- 
related with the body weight 

In seeking a measure which will be as much as 
possible unaffected by body veight, a lower degree 
esirable between this 


\ 
of correlation is actually d 
measure and body weight 
Lower correlations between the body weights and 
organ weights expressed iS per eent of body weight 
indicates that the body weight has the lesser influence 


on these figures 


TABLE 4 


Comparison of weight gain and organ weight-body weight ratios of Sprague Dawley rats fed four test diets and a control diet for 
90 days 


Av. body 


weight 
Males Females 


169** 
100 
i24 
108 
411 


* Significant at the 95% level of confidence 


* Significant at the 99% level of confidence 
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122 162** 1.50 1.36 74 l 0.21 1.38 
124 241 4.10 3.42 1.66 0.69 i 17 0.20 O.77 
125 246 1.01 3.36 0.63 68 ; 0.35 0.17 0.20 0.83 aye br 
126 218* 1.24 4.51 0.70 0.95 0.48 ).27 0.84 
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TABLE 6 


Summary of 


Final 
hemoglobin 


Adjusted 


weight gains 


M F 


0 No significant difference t the 05° level of confidence 


* Significant at the 95° level of confidence 
* Significant at the 99° level of confidence 


TABLE 5 


coefficients* for organ weight-body weight data 
from Sprague-Dawley rats 


Correlation 


Body wt: organ wt Body % organ wt 


Males Females Females 
Liver 
Heart 
Kidney 
Spleen 
coefficient varies from 0 in 


the 


* The correlation ¢ 


no correlation between variables to unity in 


linear relationship 


From the infor 
it would appear 


These data are shown in Table 5. 
mation shown in the last two tables, 
that no broad statement can be made that a group of 


experimental rats with depressed body weights will 


have liver, kidney, heart and spleen weights expressed 
as per cent of final body weight which are statistically 
heavier than the controls. Other factors than body 
weight alone enter this picture. 

Seventeen groups of 20 rats each have been dis- 
of the 
It has been emphasized 


cussed and data shown for various steps 
biological screening program. 
that statistical analyses of all numerical data are 
necessary for the proper interpretation. A summary 
is shown in Table 6 of the 14 experimental groups and 
the of statistically significant differences 
which were found between these groups and their re- 
spective controls. A glance at this chart shows that 


lots 112, 113, 119 and 122 require further considera- 


number 


tion for use as direct food additives. 

If these materials are to be so used, it will be neces- 
sary to determine the lowest toxie dose on a 90-day 
study. The material should then be fed at 100 times 
the usage level, the lowest toxie level and an inter- 
mediate level for 2 years to rats and to a non-rodent 
species in order to acquire sufficient information on an 
unknown material to file a petition under the Food 
Amendment. At the time the feeding levels are 
chosen to determine the lowest toxie dose, it would be 
wise to repeat the feeding level previously fed. The 


Law 


Red blood 


cell count 


M 


statistical analyses of data on 14 groups of experimental Sprague-Dawley 


ot 

Heart 

weight 


‘ 

Kidney 

we ight 


Liver 
weight 


M M F M 


significant differences obtained might have been 
caused by extraneous influences. One must never lose 
sight of the fact that animal experimentation involves 
many unknown and uneontrollable variables. It is 
not possible to obtain the precision from a biological 
assay that is obtainable from a chemical analysis. 

In addition, the toxicity information obtained in 
this screening test applies to the rat and only to the 
That 


is the reason more than one species must be used in a 


rat. There is also a variation between species. 
two-year feeding study. 


SUMMARY 

The biological screening method for toxicity de 
scribed here is useful for eliminating from considera 
tion as food additives materials which are grossly) 
toxic. A material which appears toxic in this test will 
be toxie at lower levels in a chronic two-year test. It 
does not follow, however, that a material which is nor 

toxic in a 90-day subacute test will be non-toxic on a 
two-year feeding study. if the material passes this 
from the teel 

nological standpoint, a two-year test will be required 


screening test and still shows promis 


to obtain information for a petition under the Food 
Law Amendment. 

In the tests used as examples in this paper, only 
materials of unknown biological activity were con 
sidered. Before embarking on any biological testing, 
it is always advisable to do a literature search to de 
termine what information is already 
plan the experiment from that information. 


available and 
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(Kraft’s sweet whey) 


lf you use a dairy ingredient in manufacturing baked 
goods, frozen foods, dry mixes, sauces, processed 
foods, confections or ice cream, replace it with 
Krafen and... 


Bring Out Flavor normally masked by high protein 
levels in other dairy ingredients. The milk sugars in 
Krafen allow flavor to come through stronger. This 
means that frozen food manufacturers, for example, 
save substantially on the use of expensive seasonings. 


Extend Shelf Life of your baked goods by a profit- 
able margin due to Krafen’s unusually high moisture- 
retaining properties. 


Improve Texture of your piecrusts—get a flakier, 
more tender crust free from sogginess. 


Save up to 5¢ a Pound on dairy solid costs by using 
Krafen—and still be assured that you're using a su- 
perior replacement for your present ingredient. For 
Krafen is a high-quality, low-bacteria dairy ingredient 


produced by Kraft under conditions of maximum sani- 
tation in one of the world’s largest whey plants. Why 
not experiment with Krafen in your new products as 
well as present products. Send for your free test 
sample today. 


KRAFT FOODS INDUSTRIAL DIVISION, Chicago 90, Ill. 


Gentlemen: ! would like te test KRAFEN in my prod- 
ucts 
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Food Colors—Their Status Under the Law’ 


Arthur T. Schramm 


Manager, Field Sales, National Aniline 
Division, All Chemical Corporation 


Ta FOOD ADDITIVES AMENDMEN' legislation in 1959. Asa result H. R. 7624 and S. 2197 
of 1958 is, | am sure, all too familiar to most of us. It were. introduced. S. 2197 was passed by the Senate : 
is not well known, however, that this amendment last vear. If legislation is not forthcoming in this ses- 
excludes from its provision ‘‘any substance used in sion of Congress, it is entirely possible that the public 
accordance with a sanction or approval granted prior will soon be without color that is essential for much 
to the enactment of this paragraph pursuant to this of the food, drugs, and cosmetics now in use. Hence, 7 
Act .*? Secretary, Arthur S. Flemming, of the the Certified Color Industry Commitee has worked 
Department of Health, Education and Welfare, has closely with the Department to expedite this much Ag 
recently acknowledged that among the food additives needed legislation, Initially, our committee supported ! 
thus exeluded are the so-called ‘‘coal-tar colors,’ ’use Hi. R. 8945 intreduced in the House of Representa- - 
of which has been authorized under Section 406 (b tives by Representative Curtis of Missouri on July r 
of the Federal Food, Drug and Cosmetic Act of 1938 30, 1957 durine the 85th Congress. In subsequent bees 
Regulations established under Section 406 (b) in meetings between representatives of various industries ; 
clude, as conditions for addition of a new color to the and government personnel, most of the differences be- 
pe rmitted list, requirements that are similar to those tween that bill and the present proposal were resolved. 
that because necessary in 1958 for approval of food Our Committee has given careful consideration to 


additives. During the past ten years, while Congress both H. R. 7624 and S. 2197. Witl 


respect to the 
has been considering the whole problem of additives Senate bill, we beli 


eve that it is well designed to pro- 
in food, the FDA has been issuing orders limiting the tect the public health and to accomplish the purpose 
use of various certified food colors. Some colors pre of authorizing us of suitable safe color additives. 
viously listed as ‘‘harmless and suitable for use’’ in The recent hardships occasioned by delistings and 


food, have by those orders, been limited to external threats of delisting can be relieved, without in anv 


drug and cosmetic application only. Those colors had way endangering the public health, by giving to the 
been listed after presentation of extensive testing Secretary of Health, Education and Welfare, the au- .- 
data, including lengthy animal feeding studies to thority to establish quantitative limitations on such 7 
evaluate their potential for chronic toxicity and had coloring matter pursuant to the terms of S. 2197. a 
been produced under specifications which preeisel) Moreover, under this bill the Secretary is given the \ 
controlled the composition of the colors Llowever, the power to determine whether the color additive ‘‘under : 
Food and Drue Administration redefined the word the conditions of use specified in the regulations, will 7 
‘*harmless’’ to mean virtually incapable of producing be safe * In making that determination the i : 
any harm in any quantity under any circumstances Secretary must consider (1) the probable consump- ’ 
These actions on the part of FDA were based on its tion or other relevant exposure from the additive; 
contention that these colors are not ‘*harmless’’ and 2) the cumulative effect, if any, of such additive in 
hence not suitable for use because they produced ad the diet of man or animals; (3) safety factors which, 
verse physiological effects in test animals when fed at in the opinion of experts, are generally recognized as 
very high levels for long periods of time. The quanti appropriate for the use of animal experimentation 
ties involved were far in excess of and admittedly un data; and (4) the availability of needed practicable 
related to amounts ingested by human beings. methods of analysis for determining the identity and . 
After extensive litigation the United States Su quantity of (a) the pure dye and intermediates and 
preme Court confirmed FDA’s view on December 15, other impurities contained in such color additive (b) 
1958, in the case of Flemming vy. Florida Citrus Ex such additive in or on any article of food, drug or ¢os- 7 
change. Neither FDA, nor industry nor independent metic and (¢) any substance formed in or on such A 
scientific opinion regarded that absolutist interpreta article because of the use of such additive. Those pro a 
tion of the word ‘‘harmless’’ as scientifieally sound. visions give the Secretary broad discretion to investi- , 
Nevertheless, FDA proceeded to delist FD&C Oranges gate the additive proposed, and to determine whether 
Nos. 1 and 2; FD&C Red No. 32; and FD&C Yellow such color is or is not safe. At the same time. S. 2197 
Nos. 1, 3 and 4 is suffici ntly tiexible to enable the Secretary to keep 
H. R. 7624 AND S. 2197 pace with advancing scientific knowledge in making 
the determinations of safety. Thus, the Secretary 
Realizing that further implementation of the new 
interpretation would lead to delisting of practically colors in the lght of that knowledge and the un- 
all colors, a result it did not desire, the Department rf 
Health, Education and Welfare, after preliminary be ler onc boned 
exchanges of views with industry, proposed remedial scientific knowl lve, and appropriate safeguards. 
; On January 27, 1960 I had the opportunity to an 
‘Presented at the Twentieth Annual Meeting of the Insti af 


testifv on behalf of the Certified Color Com- 
tute of Food Technologists, San Franciseo, California, May 16, On Den olor Ind ym 


1960 mittee in support of S. 2197, before the House Com- 
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mittee on Interstate and Foreign Commerce. Many 
other groups testified before this same Congressional 
Committee, and it became evident that the main 
point of contention is the so-called Delaney cancer 
clause. 

The CCIC recommended the elimination from H. R. 
7624 of the cancer clause, detailed in Section 706 (b) 
(5)(B). That provision singles out carcinogenic sub- 
stances, and readopts, with respect to such substances, 
the absolute test sought to be remedied by the pro- 
posed legislation. S. 2197 does not contain a similar 
section but gives broad discretion to the Secretary to 
determine whether a proposed color is safe, and under 
its terms the Secretary is authorized to take whatever 
view of carcinogenicity that the stat of scientific 
knowledge at that time requires. There is no reason, 
based on either considerations of public health or 
scientific knowledge, to abandon the grant of dis- 
cretion to the Secretary in favor of the absolute 
prohibition. 


VIEWPOINT OF THE COLOR INDUSTRY 


Of course, it cannot be said that the color industry, 
by taking this position, favors cancer any more than it 
can be said that the Senate by passing 8. 2197 without 
a cancer provision, is in favor of cancer. The ques- 
tion is not one of being for or against cancer, but, 
rather, how best to deal with the matter from the 
standpoint of legislation. The Senate’s deliberate 
omission of a cancer provision avoids an unnecessary 
and what we believe to be an unwise, absolute, rigid 
standard, while at the same time it adequately pro- 
tects the public health by the broad grant of power it 
gives to the Secretary. 

We of the color industry are understandably con- 
cerned about such absolute legislative standards. Dur- 
ing the past few years we have seen our business need- 
harmless per se’ 


lessly suffer because of an absolute 
statutory requirement that is regarded as scientifically 
unsound by all concerned; it is administratively un- 
desirable, and unnecessary for the protection of the 
public health. We have also seen how much time and 
effort is required to get remedial legislation. It is now 
almost six years since the first delisting action was 
taken against colors certified for use in food, and we 
still do not have remedial legislation. In view of this 
historical background we are very much disturbed by 
Secretary Flemming’s support of a flat legislative pro- 
hibition against the use of color additives that may be 
found to induce cancer, and by his suggestion that, 
if in the future, scientific information should be 
available to demonstrate a safe level of use for a color 
found to induce cancer, the precise situation would 
then be laid before Congress for authorizing legisla- 
tion to permit that particular safe level of use. It is 
our opinion that this approach is undesirable because : 

1) It freezes the cancer problem to the state of 
present scientific information without allowing any 
flexibility for future action in the light of ever in- 
creasing knowledge. 

2) It singles out for special and prohibitory treat- 
ment an element, cancer potentiality, which is but one 


of the many complex factors which bear on the basic 
test of safety, and it really adds nothing to that test. 
(3) It would require the Congress to make a scien- 
tifie judgment in the future. Instead of Congress’ 
setting the broad legislative standard of safety and 
leaving the implementation of that standard to ad 
ministrative discretion in the light of evolving scien- 
tifie knowledge, Congress would be called upon some- 
time in the future to review scientific information and 
to determine on the basis of that information whether 
to remove the proposed prohibition against cancer 
producing substances. Thus, Congress would be 
called upon to make a decision that is essentially the 
business of the Secretary to make. 

(4) The Seeretary’s proposal could well lead to 
the same situation in which we find ourselves today 
that is, all might be agreed that the legislative restric 
tion is no longer necessary and should be removed, but 
meanwhile, the business of the producers and users 
of colors might be disrupted without any necessity for 
doing so in the interest of the public health. 


For the foregoing reasons we would prefer omission 
of any cancer provision from the legislation. We 
would leave it to the Secretary to deal with carcino 
genic manifestations and are confident that his dis 
cretion would be employed in the light of the best 
scientific information available. However, we can 
understand why, in view of the current widespread 
concern about cancer, it may be thought desirable to 
give the Secretary some specific directions in this 
area. Accordingly, we would not object to a provision 
giving the Secretary discretionary rather than man 
datory authority. 

At this point it should be carefully noted that the 
discussion of the Delaney clause in the present hear 
ings is centered on issues unrelated to the use of 
colors—issues which instead come under the Food 
Additives and Pesticide Chemicals Amendments and 
involve the use of non-color chemicals in animal feeds 
and problems arising from the recent cranberry and 
poultry episodes. In other words, the color additive 
hearings have been used as the battleground for the 
food additive aspects of the Delaney clause. It should 
be further noted, that so far as we know, none of the 
colors now in use is a suspected carcinogen. Hence, 
we are prepared to accept a Delaney clause now rather 
than have legislation held up for resolution of prob- 
lems relating to the use of other forms of additives 
under other provisions of the law, if that is the only 
way legislation is to be obtained in this session of 
Congress. 

As you know, Secretary Flemming appeared a 
second time before the House Committee on May 9, 
1960. The hearings are now concluded with five days 
allowed for the submission of additional comments for 
the record. It is hoped that Chairman Oren Harris 
will conduct a series of executive sessions for the full 
committee to consider this legislation and that the 
bill be passed by the Congress this session. 

With the passage of this legislation, certain adminis- 
trative problems still pending would be obviated. 
Among these are the color definition controversy, and 
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the proposed delisting of seventeen D&C colors com- 
monly referred to as the ‘‘lipstick colors.’’ 

I would like to point out the status of another ad- 
ministrative problem. As you know, FD&C Orange 
Nos. 1 and 2, FD&C Red No. 32, and FD&C Yellow 
Nos. 1, 3 and 4, have been delisted but recently the 
Food and Drug Administration has issued an order 
revoking certificates issued on these colors even 
though such certificates were issued prior to the effee- 
tive delisting date. In other words, if previously 
certified lots of these colors are added to food after 
April 6, 1960, such food would be regarded as adulter 
ated. The Certified Color Industry Committee has 
filed a petition in the U.S. Court of Appeals for the 
Second Circuit to set aside FDA’s order. It is ex 
pected that this petition will be heard soon. 


FD&C RED NO i 
In July 1959 an order was issued changing analyti 


‘al specifications for FD&C Red No. 1. The purpose 
of this order was twofold: to reflect an improved 


definition of this color based on modern analytieal 
procedures and, thereby permitting toxicological 
evaluation of material of a more definite composition 
Accordingly, an animal testing program has been 


Antibiotic Preservation of Beef with Subsequent 
Feeding to Experimental Animals*’ 


Manuscript received June 9, 1960) 


Source THE INTRODUCTION of anti 
bioties as therapeutic agents, considerable interest has 
been aroused in the food industry as to their poten 
tials in preserving foods. In the meat branch of the 
industry considerable interest has been shown in the 
use of oxytetracyelime (OTC) as an ante-mortem 
injection and post-mortem surface spray for beef to 
permit accelerated aging at relatively high tempera 
tures (5). By using this procedure, the serious prob 


"Presented before the Twentieth Annual Meeting of the 
Institute of Food Technologists, San Francisco, California, 
May 16, 1960. 

Journal Series Paper No. 2165, approved by the Direetor 
of the Missouri Agricultural Experiment Station. 

© Present address: Meat Research Section, Food Research 
Division, Armour and Company, Chicago, Lllinois. 

‘Present address: Public Health Department, School of 
Medicine, Tulane University, New Orleans, Louisiana. 


initiated on material meeting these new requirements. 
In Oetober, 1959 FDA published an order declaring 
that certificates for existing batches of FD&C Red 
No. 1 that do not comply with the new specifications 
would cease to be effective January 15, 1960. A 
subsequent FDA notice published in response to ob- 
jections filed by the Certified Color Industry Com- 
mittee and others, postponed the effective date until 
April 6, 1960 ‘‘to allow time for filing petitions for 
judicial review FDA contended in this notice that 
the objections indicated above raise a legal issue that 
could not be settled by a public hearing. Therefore, 
on February 9, 1960 our Committee filed a petition 
with the U. S. Court of Appeals for the Second Cir- 
cuit requesting that the FDA order be set aside. One 
of the contentions on which our argument is based is 
that the purpose of the Federal Food, Drug, and 
Cosmetic Act of 1938 is to protect public health and 
the statuatory delegation of authority is intended to 
achieve that purpose, and that in the case of FD&C 
Red No. 1, no question has been raised concerning 
toxicity. By agreement with Government attorneys the 
effective date of the FD&C Red No. 1 order has been 
extended from April 6, 1960, until thirty days after 
final disposition of the Second Circuit proceeding. 


R. B. Sleeth,” J. C. Armstrong,“ 

H. S. Goldberg, and 

H. D. Naumann 
Food Processing Laboratories, Missouri 
Agricultural Station and Department 
of Microbiology, University of Missouri, 
Columbia, Missouri 


lems of deep seated spoilage and surface microbial 
growth were substantially reduced. Results have been 
obtained to show that the quality of lower grade ear- 
casses may be improved as a result of high tempera- 
ture aging made possible by antibioties. 

Adding an antibiotic to a food brings to foeus some 
of the basic questions with regard to food additives. 
It is necessary to know, for example, that an anti- 
biotic, like any other additive, will not be a hazard to 
the consumer. The consumer must be assured that the 
material added is neither acutely toxie nor toxie on 
usage over an extended period of time. In addition, 
the consumer must be assured that general usage of 
antibioties in foods will not give rise to large numbers 
of spoilage or pathogenic organisms that are resistant 
to antibioties 


The literature offers some interesting data perti- 
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nent to these problems. Goldberg ef al (4) using 
chloromycetin, aureomycin, and terramycin on ground 
beef samples to prolong storage life found that the 
antibiotics began to disappear within 24 hours and 
Cahill (1) 


added 2 ppm of aureomycin to ground beef and found 


after 72 hours were no longer detectable. 


only a fraction of a ppm remained after 3 days; none 
remained when samples of infused rounds held at 
room temperature 
analyzed for residue. 


for 2 days after slaughter were 

On the basis of several animal studies, Goldberg 
et al (3) indieated that the potential hazard of emer- 
bacteria involved little, 
if any, risk with the use of the tetracycline anti- 


gence of antibiotic-resistant 


bioties. Further, the over-all percentage of organisms 
was shown to be limited and the 
duration of resistance was not permanent. 


becoming resistant 


Carey (2), in a recent review of the results of long 
term administration of chlortetracyeline and other 
tetracyclines, supported the thesis that the chances of 
harmful effects to humans from occasional ingestion 
of small amounts of residues in antibiotie-processed 
foods are negligible 
exist that resistant 
bacteria, which might be pathogenie to humans, could 


But the possibility seems to 
appear in certain environments subject to the con- 
stant presence of antibiotics. This study was there- 
beef treated 
with antibiotics would bring about the development 


fore undertaken to determine whether 


of antibiotic-resistant bacteria. 


MATERIALS AND METHODS 


Twenty Standard and Utility cattle, weighing 600-700 Ib 
were used in this study All cattle, except controls, were 
injected intramuseularly (anterior portion of the tail) with 


OTC at the rate of 0.80 mg per pound of body weight 30 min 


to 6 hr ante-mortem. 


Detailed antibiotic injection and surface spraying, aging, 
sampling, OTC assay, and bacteriological procedures are given 
in an earlier report of this study >). 

OTC feeding of rats. Sixty albino rats of the same inbred 


used divided as 


They 
and weight 


strain were in this study. were equally 


to sex and were similar in age 310 to 360 g 
£ £ 


Each rat was eaged separately and fed 10 g of fresh, ground 


meat twiee daily supplemented by weekly portions of raw eanted from the blood samples after 2 hr at room temperature, 
spinach Fifteen male and 15 female rats were fed cooked centrifuged to remove any cells, and refrigerated, Two to 4 
TABLE 1 
Summary of plate counts of rat feces before and after low-level feeding with oxytetracycline 
Colony counts, 10° dilution factor 
Rat grou Control (diet free of OTC) Test (diet containing OTC) 
Aerobic Anaerobic Aerobic Anaerobic 
TSA with TSA with TSA with TSA with 
Sex Diet rsa OTC TSA rsa PsA oT 
Cooked meat 24 hr count oe au 7 64 54 22 130 7 
Males - is hr count 410 150 620 an) 140 96 1100 640 
> 24 hr count 60 120 RR oR 
Raw meat a 
15) ik hr count a4 730 5 160 30 <1) 
Cooked meat “4 hr count 210 130 00 1 7.1 6 i4 7 
, 15) 48 hr count 270 190 320 17 190 120 6R0 ORO 
Females 
°4 hr count 78 54 40 11 60 76 2 
Raw meat 
15) 48 hr count 330 ae 1400 320 140 100 470 320 


meat containing between 0.8 and 1.0 meg of OTC per gram of 
meat prepared from cattle described above (diet 1 The meat 
(140° F) 
a one-fourth and then a one-eighth 


was broiled to an internal temperature of 60° C and 
then ground first through 
inch plate. 
taining between 2.4 and 2.8 meg of OTC per gram 
The OTC 
using Bacillus ce 
Control data 
antibiotic-free 


meat 
(diet 2 
microbiological 


A similar group of 30 rats was fed raw eon 


level of was determined by Assay 


reus var mycoides as the test organism. 
collected from the 60 


diets for 2 


were rats by feeding 


similar weeks at the beginning of 
the experiment, 

Examination of gut flora. 
tained from the rats shortly after the morning feeding in order 
to take The 


were pooled in 4 groups (by sex and diet), weighed, and com 


Fresh fecal specimens were ob 


advantage of the gastro-colic reflex. specimens 


minuted in quantities of normal saline sufficient initial 
dilutions of 1: 100, 
feeal 


from the 


to give 
Serial, hundred-fold tube dilutions of the 
then Aliquots of 0.1 ml 
3 tubes in each of the 4 series were pipetted into 


suspensions were 


last 


performed, 


8 separate plates of Trypticase Soy Agar (BBL) and spread 
evenly over the media to give final dilutions of 10°, 10°, and 
lo". Oxytetraeyeline, 10 meg per ml, was added to one-half 


of the TSA medium before pouring plates in order to measure 
any resistance to OTC developed by the gut flora of the animals. 
One-half of the inoculated plates, with and without OTC, 
incubated 


were 


aerobieally and one-half were ineubated under 


anaerobie conditions in Brewer jars, all at 37°C. Colonies 


were counted at the end of 24 and 48 hr. The predominant 
feeal bacteria were identified merely on the basis of colonial 
and microscopic morphology, Gram stain reaction, oxygen re 


TSA 


earried out 6 


quirement, and growth rate on medium. 
This 


daily feeal specimens from all 60 rats to get an estimate of the 


procedure was times with consecutive 


normal gut flora before meat containing OTC was fed to the 


animals. The same methods were repeated on pooled specimens 
rats for 
from the 
16 weeks 
All plates were counted after an incubation 
Plates 


disearded, 


collected prior to the weekly sacrificing of 10 tissuc 


and times on feces last 


10 rats whieh were held on the test diet for 


assay (see below again 6 


group of 

Colony counts. 
period of 24 hr with than 300 eolonies 
The with the 


aid of a Quebee Colony Counter, re-ineubated under the same 


greater were 


recorded and remainder was counted 


conditions, and counted again after an additional period of 


24 hr. Colony counts for the control data were summarized by 


computing the arithmetic mean from all countable plates in 


each eategory (Table 1 Countable plates were those having 
between 30 and 300 colonies. The resulting figures were ad 
justed to a dilution factor of 10°. The summarized test data 


(Table 1 were computed in like manner from all of the 


accumulated plate counts made after the OTC test diets wer 
begun, 
Assay of residual OTC. Rats were anesthetized and blood 


collected by severing the carotid arteries. The serum was «ce 
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TAKAMINE proteases for any degree of proteolysis 


in baked goods, beer, meats, fish, cereals, chocolate and pro- 


tein hydrolysates. Miles offers you the most complete line of 


proteases available. Specific proteases to meet your specific 
needs. Proteases that help increase product quality, that help 
reduce processing costs. Write for complete information on 
the wide variety of protease enzymes from Takamine. All 
inquiries handled promptly. €VIVILI® Miles Chemical Company 


(*peenounse it) DIVISION OF MILES LABORATORIES, INC., 
Tack-a-ME nee) ELKHART, INDIANA 


General Sales Offices: Elkhart, ind., Telephone COngress 
it will TASTE better, LOOK better, SELL better with Takamine products 4-3111; Clifton, N.J., Telephone PRescott 9-4776; 


New York, N.Y., Telephone MUrray Hill 2-7970 
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Members of the Food and Beverage Technical Service ‘‘team"’ shown here (I. to r.) are: Charles Feldberg, Dr. Rouben Kachikian, 
Joan Griffin, Everett Macdonough—Manager, John Geminder, Edward O'Neill. 


PRODUCTS 
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THE 

FOOD 
INDUSTRY 


l 2 3 4 
BEVERAGE MEAT PACKING MILLING & BAKING CANNING & 
Sodium Citrate, | Erythorbic Acid (Isoascorbic PRESERVING 


Sorbistat®-K 
(Potassium Sorbate), 


Calcium Cyciamate, 
Sodium Benzoate, 


j Citric Acid, 
Tartaric Acid, 
Caffeine, 
é Ascorbic Acid, 


Erythorbic Acid, 
(Isoascorbic Acid) 


Acid), Sodium Erythorbate 
(Sodium Isoascorbate), Ascor 
bic Acid, Sodium Ascorbate, 
Citric Acid, Biostat®-PA 
(Oxytetracycline), Sodium 
Citrate 


mixtures) 


t-Lysine, Giucono- 
Delta-Lactone, Tartaric Acid, 
Cream of Tartar, Citric Acid, 
Sorbistat® (Sorbic Acid), Sor- 
bistat®-K (Potassium Sorbate), 
Sodium Benzoate, B Vitamins, 
Sol-U-Pak* *T.M. 


Acid, 


Ascorbic Acid, Citric 
Sodium Citrate, Calcium 
Cyclamate, Sodium Benzoate, 
Tartaric Acid 


Science for the world’s well-being 
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HIGHEST QUALITY 
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P-K Pre-test Laboratory reveals obsolescence 
in solids processing Multi-step operations telescope into 


a single step at the P-K Solids Processing Pre-test Laboratory. ‘This ts a lab away from 
home, a yardstick that predicts savings in materials, labor and investment. » » » ‘The 
P-K Pre-test Laboratory features the new P-K Solids Processor*. This latest ‘twin 
shell” development blends liquids and solids, granulates, vacuum dries, coats, reacts 


chemicals, sterilizes — performs as many as eleven operations — in simple sequence. 


The P-K Pre-test Laboratory is unmatched anywhere. It demonstrates things impossible 


to see without pilot study, works out subtle variables in blending, granulating and 
drying, provides scale-up data and operational procedures. We invite you to take full 
advantage of its facilities—either by bringing or sending your materials to East Strouds- 
burg. » » » You'll work with well-qualified engineers who have made thousands of 
resultful pre-tests for processors. They often suggest and produce unexpected product 
variations. Your guidance will be helpful. » » » Due to heavy lab schedule, we suggest 
you write or call George Sweitzer today at Stroudsburg. To call direct dial 717 — 


Hamilton 1-7500. He will supply you with all the 


pertinent information regarding dates, amount of patterson kelley 


material required, shipping and travel information. 116 Burson Street, East Stroudsburg, Pa. 
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from each rat Individual musele 


‘tained from each animal However, 


kidnev samples from each treat 
ssues were then assaved for OT 


outlined 


RESULTS AND DISCUSSION 


The initial phase of this study was designed to de 


termine if the feeding of beef containing low levels of 


antibiotic to rats would result in the accumulation of 


residual quantities of OTC in various tissues. There 


fore. rats were fed raw and cooked meat containing 
from 2.4 to 2.8 and from 0.8 to 1.0 meg of OTC per 


gram, respectively, per day The feeding of raw and 


cooked meat with these levels ‘did not cause any di 
tectable 03 mee/e) residual in blood serum, heart, 
kidney, or muscle when fed over a period of 16 weeks. 

Similarly, the second phase was to ascertain the 
effect of feeding this beef on the microbiological flora 
of the rat. A few patterns are apparent in Table 1, 
which summarizes the plate counts from the OTC 
feeding experiment With some exceptions, 48-hr 
counts on the anaerobically ineubated plates were 
considerably higher than those on duplicate plates 
incubated aerobically, although 24-hr counts on the 
same plates were not significantly different. In almost 
all cases less erowth was obtained On TSA medium 
containing 10 meg of OTC per ml than on paired 
plates free of antibiotic. No consistent differences 
were noted among the plate counts with r ward to the 


x of the rats or the preparation of heir food (cooked 


Most importantly, the over-all configuration 


colony counts for the control data was not ma 


changed after the diets containing OTC were 


noculated with fecal suspensions diluted 
were not countable in’ most instances. They 
were of use mainly in checking media and dilution 
technics and also in indicating the presence of fast 
growing spreaders and swarmers which were rarels 
cultured from the more highly diluted inocula. Mem 
rs of the familie lactobael lar ‘ae, 
and enterobacteriaceae were the predominant bacteria 
seen at the higher dilutions. Enterococci were proba 

most abundant kind cultivated, though lacto 
and Gram negative rods were also present in 
numbers. Mierocoecei demonstrated a wide di 
versity of colonial forms and were, the dominant type 
on some plates ; 

Colony counts were generally lower on plates con 
taining OTC than on paired plates without the anti 
biotic, but no proportional differences of great magni 
tude were noted in the kinds of bacteria seen on the 
two media in this study. However, the relatively few 
eolonies of clostridia that were identified seemed to 
occur more frequently on plates containing OTC 
Otherwise, the predominant forms in the feeal flora 


appeared to be equally inhibited by OTC Further 


more, the population proportions of the various broad 
groups appeared to rem: fairly stable throughout 
the experiment 

Proteus might have 
been anticipated sin inhabitants of 
the colon are known to re ant to OTC. Neither 


ol these organiisiis were observed to 


An inerease in the 


have increased marked] is quite likely that some 


fastidious grov ps as the clostridia 


and Bacteroides, were itatl ly underestimated 
due to the crowding rec I er bacteria, the short- 
ness of the incubation period, and the fact that they 
were well aerated ¢ plated and again 
during the 24-hr color 

Under the conditio! f th dy, it was not possi 
ble to ae ‘t whether } degrees of resistance to 
Apparent] 


which, over a 


OTC were developed he eal tlora 
minor change hay place 

longer period of time, W ave become bacteriologi- 
cally or icall mwever, the collected 
no significant 


data gave the strong 


at 
changes had occurred in the gut flora following low 
level exposure to a broad-spe im antibiotie for 16 


weeks 


SUMMARY AND CONCLUSION 


Raw and cooked meat containing low levels of OTC, 
when fed over a p ul of ‘ks, did not cause any 
detectable residual rum, heart. kidney, or 
muscle of rats \pi significant changes 
oceurred following low level 
exposure OT I weeks. On the basis of this 

rd of the consumption 


of OTC would appear 
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Nutritional and Chemical Changes Occurring in 


Heated Fats: A Review 


(Manuscript received March 5, 1960) 


Tut IMPORTANCE OF FAT in the 
American diet is evidenced by the simple fact of the 
amount consumed. Annual per capital consumption 
of fats in the U.S.A. is close to one-hundred pounds 
per vear. This consists roughly of forty-five pounds 
of visible fats and fifty-five pounds of invisible fats 
(15, 41). Visible fat refers to fat consumed as butter, 
margarine, lard, shortening or vegetable oils; invisible 
fat refers to fat closely associated with other food 
components. 

The role of fats and their derivatives in health and 
nutrition has recently become of great interest to the 
layman, the nutritionist, and the chemist. It is the 
purpose of this review to summarize the available 
literature concerning the effects of various physical 
treatments on fats and to point up the need for fur- 
ther applied research and practical information con- 
cerning the processing and use of dietary fats. Cer- 
tain types of such treatments may possibly result in a 
loss of nutritional value in the fat. Fats altered in 
this way, and which may conceivably be produced in 
the deep fat frying of foods and in other processing 
operations, are organoleptically acceptable in the hu- 
man diet but have been shown to exert a growth 
depressing effect when fed to animals. The occurrence 
of growth depressing factors in such oils and their 
physiological and nutritional effects are of concern to 
all industries dealing with the processing, production, 
and sale of edible oils and their use in deep fat frying 
operations. 


Most research on heated fats has been concerned 
with the types of compounds formed during poly- 
merization. These studies have included work on the 
mode of polymer formation, structure, conditions for 
optimum polymerization, and the nutritional and 
physiological effects of polymers. Only a minor 
amount of applied research, that which actually shows 
the effects of various processes on polymer formation, 
has been published and any conclusions of value to 
industry are probably the result of extrapolation from 
basic data. 

It has been generally recognized that 3 types of 
degradative changes can oceur in a fat or oil. These 
are: a) autoxidation, b) thermal polymerization, and 
¢) thermal oxidation. For the sake of convenience, 
autoxidation is defined as the oxidation of a fat or an 
oil at temperatures up to 100° C; thermal polymeri- 
zation as taking place between 200—-300°, in the ab- 
sence of oxygen; and thermal oxidation as oxidation 
at about 200° C in the presence of air or with aeration. 


Edward G. Perkins 


Food Research Department, Armour 
and Company, Chicago, Illinois 


AUTOXIDATION, THERMAL POLYMERIZATION, 
AND THERMAL OXIDATION 


Autoxidation, The effect of heat on the nutritive 
value of fats has been widely studied. It has been 
shown that animals fed corn or cottonseed oils oxidized 
at 100° C for long periods of time developed vitamin 
A deficiencies and eventually died (33, 34, 45) 
Kaunitz at Columbia has shown that autoxidized cot 
tonseed oil is nutritionally harmful to rats (2). 
Efforts have been made by various research groups to 
link the poor nutritional value of heated fats to the 
destruction of essential dietary factors. A number of 
investigators (48, 49, 51, 68, 81) have shown that 
essential fatty acids, carotene, vitamin A and biotin 
are destroyed during the autoxidation of fats. Kaunitz 
(61) has reported that riboflavin exerted some pro- 
tective effect on animals fed rancid diets. Irwin et al 
found that factors other than destruction of essential 
nutrients are-involved in the harmful effects of oxi 
dized fats. These authors demonstrated that oxidized 
fat does not appear to be completely absorbed in the 
rat (51). Kaunitz and others have proved satisfac 
torily that polymeric material formed during the 
autoxidation of fats depresses growth of rats, even in 
the presence of excess dietary factors (62). 

Whipple (108) and Barnes (5) fed to dogs, at the 
20 level, fat that had been autoxidized at 60° C 
They noted that the dogs a) declined rapidly in 
weight, b) exhibited diarrhea with some hemorrhage, 
ec) developed loss of hair, d) skin lesions, e) ulcers, 
and eventually became weak and died. Sueh experi 
ments are unrealistic because of the environmental 
conditions used and the high percentage of fat fed in 
the diets, but they do show the effects of oxidized oils 
under extreme conditions. 

Thermal polymerization. Nutritional effects of 
thermally polymerized oils have also been studied 
Raju and Rajogopalan and other groups observed 
that rats fed unsaturated oils which had been heated 
for prolonged times at 300° C (2, 3, 4, 87, 89, 91) ex 
hibited a depression in growth. It is possible in some 
of these cases that degradation products may account 
for the toxicities involved. It has been reported that 
lard and coconut oils when heated to 300° C, form 
long chain carbonyl compounds which could be toxic 
when fed to animals (47). 

An extensive series of studies by Crampton and 
others in Canada has answered many of the questions 
concerning the toxicity of thermally polymerized oils 
(25-30, 40). This group has shown that unsaturated 
oils when heated to 250-300° for 6 to 24 hr contain 
polymeric material coresponding to cyclie-monomeriec, 
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dimeric, trimeric, and higher polymers. Nutritional 
studies on these oils have shown that the toxicity or 
growth depressing effects of such oils is caused by 
polymeric materials formed in the oils. Other physio 
logical effects caused by heat polymerized oils have 
been reported. Farmer et al (40) have reported that 
a diet containing only 10% by weight of thermally 
polymerized oils had an adverse effect on reproduction 
and lactation in the rat. 

Roffo (93-99) maintained that animal and vege- 
table fats such as lard, tallow, olive oil, safflower oil 
and cholesterol heated up to 350° C for only 30 min 
‘aused cancerous growths in his test animals. Work 
by other investigators did not substantiate these find- 
ings. Klein and Palmer (65) have pointed out that 
the tumors induced by Roffo failed to satisfy criteria 
of true cancerous growths, such as irreversibility, 
netastases, and transplantability. Work done by 
Lane (69), Peacock (82, 83) and Waterman (107) 
ndicates that lesions can be produced by feeding ani 
mals heated fats. Since it has not yet been proven 
whether or not these types of treatments cause the for 
mation of materials not produced by deep frying, it 
appears obvious, in the light of such findings coneern 
ing the lesions formed when heated fats are ingested, 
that much work of a more definitive nature needs to 
be done before this aspect of the heated fat pieture 
can be either accepted or disregarded 

It is of interest to note that Morris (76) has ob 
served that diets containing 50% of lard heated for 
only 2 hr at 300° C caused a vitamin E deficiency and 
gastric ulcers when fed to rats. Alfin-Slater (1) has 
recently shown that unsaturated oils heated at about 
the same temperature for 1 to 3 hr, until an iodine 
value drop of 10% occurred, also caused vitamin E 
deficiency when fed to animals at the 15% level. Ae 
cording to Alfin-Slater’s data, this deficiency was cor 
rected by vitamin E supplementation. No evidence 
of similar undesirabie effects could be found when 
unsaturated oils, heated in this way with an iodine 
value drop of 5%, were fed to rats at the same level. 

The nutritional value of oils aerated at frying tem- 
peratures has not been extensively studied. The ma- 
jority of this work has been done on unfractionated 
oil samples. Johnson et al found that corn oil oxidized 
at 200° C for 24 hr exhibits a definite growth depress- 
ing activity. They also reported that thermally oxi- 
dized hydrogenated vegetable oil and butter oil caused 
very little growth depression (53, 56, 110). Other in- 
vestigators (55) have indicated that oils thermally 
oxidized at 200° C are not completely absorbed in the 
intestinal tract of the rat,. Enlarged livers were also 
noted and evidence relating the amount of polymeric 
material present in these oils to their nutritional value 
was presented. It was noted that, as the percentage of 
polymer increased, nutritive value decreased. 

In a recent report, Dangoumau and Associates (31) 
attempted to duplicate the growth depressing effects 
of oils thermally oxidized at 200° C. Thermally oxi 
dized corn, cottonseed, and peanut oils were fed to 
rats at the 20% level along with cellulose. Male rats 


fed thermally oxidized peanut oil for 60 weeks showed 
growth depression, but female rats under the same 
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conditions showed little depression. Identical results 
were obtained when male and female rats were fed 
oxidized cottonseed oil for 20 weeks. When both male 
and female rats were fed oxidized corn oil for 20 
weeks no growth depression was observed. No serious 
pathological changes were noted. 

The nutritional effects of polymeric fractions iso- 
lated from thermally oxidized corn oil have also been 
investigated (84). Polymeric fractions so obtained 
were fed to male weanling rats which had been main- 
tained on a complete diet for 21 days. Water and oil 
Weanling rats 
fed the non-distillable residue from the non-urea 
adduct-forming fatty acids of thermally oxidized corn 
oil at a 12% level all died within 5 days. These ani- 


soluble vitamins were also provided. 


mals lost an average of 7 g while those on the fatty 
acids of fresh oil acids gained 16 g on the same 
amount of food intake during the 5 day period. Dilu- 
tion of the non-urea adduct forming acids (NAFA) 
with an equal amount of fatty acids from fresh corn 
oil resulted in survival of the animals for the 21-day 
test period, but only partially counteracted the growth 
depressing effect of the non-adduct forming acids. 
Animals receiving this mixture had gained only 15 g 
while those on the fatty acids from fresh corn oil 
gained 85 g during the 21-day test period. Although 
fatty acids from thermally oxidized oil depressed 
growth significantly, rats fed the urea adducting ma- 
terial, which represented 64% of the oil, gained as 
much weight as rats fed the fatty acids from fresh 
corn oil. Furthermore, the molecular distillate of the 
NAFA, which ‘epresented 15% of this fraction, did 
not depress growth significantly. It was also shown 
that the portion of non-urea adduct-forming material 
in the treated oil and the molecular weight of the poly- 
meric materials (84, 55), seem to be a better index of 
nutritive value of heated fats (Figures 1 and 2) than 
iodine values. 

Few reports have a ypeared concerning the effects of 
feeding oils found in commercial usage (110). In one 
study a) corn oil samples drawn from a batch type 
and a continuous type potato chip fryer, b) lard 
drawn from a batch type french fryer in a restaurant, 
and ¢) a hydrogenated vegetable oil sample drawn 
from a commercial doughnut fryer were fed to rats 
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Figure 2. Comparison of constants and biological response 
to various fractions of the fatty acids from fresh and thermally 
oxidized corn oil. 


Molecular Growth 
weight ratio 
Rast 


lodine 
ment 
Viet suppieme value 


Fresh corn oil 
fatty acid 126.0 294 1.000 
Thermally oxidized 
fatty acids 
Urea adduct forming 
fatty acids from 
T.O.* oil 0.989 
Non urea adduct 
forming fatty acids fr 
T.C. corn oil a 0.020 
Molecular distillate 
of non adducting acids 
from T.O. corn oil +0.965 
Non distillable 


residues from 


459 +0.285 


non adducting acids 


from T.O. corn oil 70.0 630 0.090 


Corn oil heated for C with 150 mi of aeration min 


” test diet in grams 


fresh corn oi! diet in grams 


thermally 


at the 10°) level for 15 weeks. A significant growth 
depressing effect was noted when the growth of rats 
on the test diets of used corn oil and lard was com- 
pared to that of the rats on test diets of correspond- 
ing fresh oils. The used hydrogenated vegetable 
shortening gave the least amount of growth depres- 
sion. It was also reported that the effects were par- 
tially overcome by increased pyridoxine and riboflavin 
supplementation 

On the other hand, Melnick and co-workers have 
presented evidence that oils in commercial usage in 
continuous potato chip fryers are free of thermal 
polymers because no statistically significant difference 
was found in the following constants: iodine value, 
melting point, settling point, fatty acids composition, 
free fatty acid content, content of isomerized acids, 
In another publication, the 
same author, reviewing the literature concerning 


and solids content index. 


heated fats, has expressed the opinion that most of the 
findings are irrelevant to practical operations. <A 
change of 1 in the iodine value was noted in oils 
obtained from 89 potato chip manufacturers. This 
change was found not to be statistically significant, 
and on the basis of this the authors conelude that 
these used oils are free from thermal polymers (72, 73, 
74). However, Melnick did not feed these oils and 
could therefore not draw any valid conelusions in 
regard to their nutritive value. Furthermore, he did 
not isolate the polymers and determine their nutri- 
tional characteristics 

Recent reports by Keane ef al (64) have shown 
that hydrogenated cottonseed oil obtained from com- 
mercial frying operations and fed to rats at the 20% 
level showed no adverse effects. It was also shown 
that thermally oxidized oils prepared on a laboratory 
scale caused growth depression, but no toxie symp- 
toms were noted. A similar report by Rice, Mone and 
Poling (92) also indicated that used oils may not be 
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nutritionally harmful to rats. These authors studied 
34 samples of fat from various restaurants, bakeries, 
potato chip, and doughnut manufacturers to deter 
mine the influence of usage on nutritional value. The 
most severely abused of the oils examined caused a 
slight decrease in the caloric availability of the fat 
and a slight inerease in liver size. These authors 
stated that their findings did not support the hy 
pothesis that used fats may be harmful. These results 
suggested that the commercial fats studied were more 
resistant to nutritional change and that conditions of 
commercial usage (heating, aeration) are less drastic 
than laboratory heated oils. 

It is necessary at this point to discuss briefly the 
chemistry of the various types of polymerizations 
The modern concept of autoxidation is presented in 
Figure 3 (6,7, 9-11, 16-20, 23, 24, 32, 36-39, 42-414, 


18, 59, 63, 66, 67, 71, 86, 89, 90, 101, 102, 105, 
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Clo CH=CH CH=CH ( ig COOC2 Hs) 
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Figure 3. Autoxidation of ethyl linoleate. 


106, 109). Autoxidation of ethyl linoleate with 
oxygen leads to the formation of conjugated ethyl 
linoleate hydroperoxides which can in turn eyelize 
and form higher perioxidic polymers or combine in 
other Ways to form non-cvclie branched chain prod 
ucts. Such peroxides hay also decompose by addition 
to a carbon carbon double bond with the formation of 
Hvdroper 
oxides may, if formed during the course of autoxida 


other hydroxyl and epoxy compounds. 


tion, recompose to ketones, hydroxy epoxy, and keto 
hydroxy 
present, both saturated and unsaturated aldehydic 


products. If unsaturated peroxides are 


and ketonic products may arise. An excellent review 
by Holman, which covers the subject of autoxidation 
more completely (50), is available. 

The chemistry of thermal polymerization is less com 
plex than that of autoxidation (8, 12-14, 21, 22, 57, 60, 
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*IMITATION PINEAPPLE FLAVOR F-1213! 


We suggest, in all due modesty, that you will be surprised 
at the fidelity with which fresh natural pineapple matches 
the flavor of this new Givaudan creation. 

We feel justified in making this turnabout comparison 
because the flavor of Imitation Pineapple Flavor F-1213 
and that of the fresh fruit are virtually identical. 

There are many pineapple flavors that resemble the 
canned type, but this new Givaudan product has the true 
sweetness, freshness and bouquet of the natural pineapple 
itself. 

Imitation Pineapple Flavor F-1213 is the result of long 
and persevering efforts on the part of our flavor chemists— 
a creation which we are proud to add to our widely known 


line. Its concentration and stability make it ideal for those 
products in which a fresh pineapple flavor is desired at a 
minimum cost. Its powdered counterpart, Permaseal® Imita- 
tion Pineaple Flavor F-2749, is also a faithful reproduction 
of the fresh fruit flavor May we send you samples and 
further information? 
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70, 77-80, 103). The changes taking place are prima- 
rily those of a normal Diels-Alder reaction (Figure 
1). Polyunsaturated acids such as linoleic, linolenic, 
and eleostearic acids undergo thermal polymerization 
after conjugation to form polymeric products. One 
may conclude from the published literature that ther 
mal polymerization of an unsaturated oil results in 
the formation of eyclic monomers, dimers, trimers, 
and even higher polymers. Several other compounds 
are formed in small amounts as a result of the inter 
action of shorter chain compounds with normal fatty 
acids (12). The interaction of 1-octene, methyl, 
9-decenoate and 1,3-octadiene with methyl oleate and 
linoleate can produce complex Diels-Alder adducts, 
when they are formed from degradation products of 
oleie and linoleie acids 

Thermal oxidation. The chemistry of oils oxidized 
at high temperatures is more complex than that of 
either thermal or oxidative polymerization since both 
heat and oxygen are involved. Taylor has reviewed 
the chemistry of oxidized oils in industrial products 
(104). The high temperature oxidation of linseed oil 
has been reviewed by Hess and O’Hare, who indicated 
that the oxidation of linseed oil at high temperatures 
involved free radical mechanisms similar to those pro- 
posed for autoxidation (46). These authors stated 
that hydroxyl groups were initially formed and subse 
quently esterified by a free carboxyl group of another 
fatty acid molecule. From this type of reaction they 
concluded that active hydroxyl groups were formed 
during the oxidation of linseed oil which could in turn 
react to form other compounds and eventually result 
in the final oxidation products. These results have 
received further confirmation from the work of Ellis 
(35), who identified hydroxyl] groups in dried linseed 
oil films. Moreno and Lopez (75), who oxidized cot 
tonseed and olive oil at 120° C in the presence of air 
and manganese dioxide catalyst, produced hydroxy] 
ated compounds and subsequent polymer zation. Oxi 
dation of brassidiie acid at 130° C yielded alpha 
dihydroxy behenic acid and ketohydroxy acids (100). 
Oxidation of paraffin distilaltes has also been shown 
to produce hydroxylated materials of varying chain 
length (111). 


10 9 
X-CH=CH CH*CHCH Ho-Y X-CHoCH=CH CH=CH 


CH CHo 


12 2 
X-CH——CH CHpCH=CH CHp-Y 


-Y 
2 

- ——CH 

2 

‘oll 
X-CH X-CHoCH CHCH»-Y 
c < \ JS c 
—— 


Figure 4. Thermal polymerization of ethyi linoleate. 


CHEMICAL CHANGES DURING THERMAL OXIDATION OF CORN OIL 
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Johnson and Kummerow have studied the chemical 
changes that take place during thermal oxidation of 
edible oils (54 They found that unsaturation de- 
creased, conjugation decreased, and non-conjugated 
acids inereased (Figure 5 Positive evidence for the 
formation of unsaturated carbonyl compounds was 
also obtained. This work has been confirmed recently 
by Dangoumau and Associates in France (31). In 
general, therefore, the literature suggests that the 
high temperature oxidation of oils leads to hydroxyl- 
ated materials of varying molecular weight. 

Recently, a more comprehensive study of thermally 
oxidized oils was reported. The types of compounds 
formed when corn oil was subjected to temperatures 
of 200° C with aeration were studied by Perkins and 
Kummerow (82 orn oil was oxidized at 200° C for 
48 hr with aerat separated into several fractions, 
and partially characterized. The fractionation of the 
oil was carried ¢ first treating the corresponding 
acids with ur¢ remove unoxidized material. The 
non-urea addur material was then subjected 
to moleeular distillation. The non-distillable ma- 
terial was also subjected to a crude solvent fraction- 
ation to separate the more polar components. As the 
polymer content increased the Rast Molecular weight 
also inereased whil the iodine values decreased 

Figure 2 Analvses of the fractions obtained indi- 
cated that the oxygen was present in the form of 


hydroxyl and groups. No evidence for the 


presence of ey ompounds was obtained, thus de- 
creasing the possibility of Diels-Alder reactions oe- 
curring to any extent during thermal oxidation. It 
appears that the thermal oxidation of corn oil pro- 
duced various types of polymeric material of high 
molecular weight and high oxygen content which 


caused growth depression when fed to rats. 


IMPLICATIONS OF THE RESEARCH 
ON HEATED FATS 


Practical research concerning the formation and 
accumulation of polymeric materials in oils obtained 
from deep frying operations has not received enough 
emphasis in published work. Literature concerning 
chemical determination of polymeric materials in 
fatty acids obtained from commercial operations is 
not readily availabl 
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It ean also be seen from the foregoing discussion 
that differences in the temperatures of heating and 
oxygen content can alter the rate and types of poly- 
merization. The length of time that an oil is exposed 
to oxygen and heat, and especially the percentage of 
heated oil in the diet, seems to have as great a bearing 
on the nutritive value of the oil as temperature of 
heating. 

In summary, it can be observed that most of the 
data derived from this type of research cannot be 
projected to predict whether an unsaturated oil will 
be damaged sufficiently during processing and com- 
mercial frying operations to be harmful. The data 
obtained is sufticient, however, to justify the suspicion 
that the use of such oils containing polymeric ma- 
terials may not be desirable from a nutritional point 
of view. It is obvious that practical research must 


yet be done in order to answer at least three main 
questions: A) Are polymers formed in unsaturated 
oils during deodorization, processing and use? B) Are 


polymeric materials absorbed on food products and if 
so to what extent? () What are the physiological and 
nutritional effects of these materials? 
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Concentrated Lemonade and 


Orange Juice Drink’ 


F nom THE CONSUMER'S VIEWPOINT, 
flavor is the most important characteristic of citrus 
juices (13). Flavor and resultant palatability of 
citrus juices depends largely upon its sugar content, 
free acidity, and peel oil level. In the citrus indus 
try, the ratio of solubl solids to total acidits Brix/ 
acid) is widely used as an index of palatability and 
maturity in citrus fruits (1, 7). 

No consumer preference data for frozen orange 
found in the literature although several 


juice was 


studies on preferences for canned orange juice vary 
ing in Brix-acid ratios have been reported (2, 4, 5, 8, 
») An untrained laboratory panel judged samples 
2 to 


The closest ratios that this panel 


varying in Brix-acid ratios ranging from 8. 18.8 
at 12.6° Brix 
eould distinguish were between 12.4 and 8.2, and be 
13.7 


18.8, was preferred. 


tween and 17.5. The sample with the highest 


ratio. Using a 10-point seale, 
members of 695 households in Indianapolis, Indiana 
gave preference ratings to 6 cam ed orange juices 


ranging in Brix-acid ratios from 12 to 22 at 12° Brix 
5). Althoueh the results were bimodal and there was 
an absence of a sharp preference pattern, samples 
with a ratio of 18 and 20 received the highest scores. 
Employing a consumer panel of 160 persons, Morse 
(8) found that canned orange juices with ratios of 12 
and 22 were disliked; the greatest preference was for 
samples within the range of ratios of 14 through 20. 
Frozen type conce ntrates for lemonade were intro- 
duced in 1949 and have had rapid public aceeptance. 
According to the U. S (12) 


frozen concentrate for lemonade is the product pre- 


standards for grades 


pared from lemon juice and one or more nutritive 


sweetening ingredients; it may contain added lemon 


concentrated lemon oil and may or may not 


‘contain water in sufficient quantities to standardize 
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For 
test not less than 10.5 


classification, lemonade must 
acid and the Brix 
Cole (6) reported the 


the product 


Brix, 0.7% 


acid should not exceed 20:1 


following range and mean values for sugar and acid 


levels for 30 bi inds of lemonade concentrate: 


Lemonade 
ade 
nge Meat Range Mean 
Brix 55.7 52.1 10.66—12.56 11.61 
Citrie acid anhyd 
(W/W 58 ),.69-0.79 0.7 
Brix/acid i: 1-18 6:1 14: 1-18:1 16:1 


Cole (6) believes that because Bayton and Bell (3) 


found consumers could not discriminate positively 
tart concentrated 
lemonade products on the mé that consumer 
preference tests should be confined to factors other 
Brix and It should be pointed 


out, however, that these consumers were 18 untrained 


between the sweetest and the most 
irket, 
ratio 


than Brix /acid 


tasters who evaluated the following sam- 


ethod: A 10 Brix, 11.1 B A: 


laboratory 
ples by the duo-tric 


B—10° Brix, 16.6 B/A; C—12.6° Brix, 14.0 B/A; 
D—12.6° Brix, 21.0 B/A. The panel was unable to 


distinguish between samples A and B and between A 
and C, but all other paired combinations were readily 
was preferred. Morse (9) 
feels that the consumer can indeed detect such essen- 
tial 
canned orange juice 


distinguishable. Sample C 


‘tness and acidity (in 


quality factors as swet 


In the present study, three consumer surveys were 


conducted to determine opinion of amount and type 


of sweetener in frozen, concentrated lemonade and in 


frozen, concentrated orange juice drink: 


Study 1. Determination of optimum sweetness in 


sucrose-sweetened concentrates. 
Study Il. Effect on acceptance of dextrose replace- 
ment of 10, 20, and 30°% of the 
Study ILL. Effect on 
placement of 10, 20, and 30% 


Sucrose, 


acceptance of corn syrup re- 


of the sucrose. 
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EXPERIMENTAL PROCEDURE 


Preparation of the orangeade and lemonade concentrates was 
earried out in the pilot plant of the Department of Food 
Science and Technology. The bases which entered into their 
preparation had the following composition: 


Lemon Orange 
concentrate» concentratec 
Brix 45.69 42.1 
Acid, % anhyd, citric (w 27.41 3.8 
Recoverable oil, % (v/v 0.293 0.020 
Pulp," % (v/v) l4 None 


* Furnished by Research Dept., Sunkist Growers. 
© Furnished by Golden Citrus Juices, Ine. 
* Retained on a 20 mesh sereen. 


The bases were shipped frozen and were held in the frozen 
condition until used for the preparation of the test samples. 

All-sucrose pack for Study I. Lemonade concentrates were 
prepared to give 4 levels of sweetness following a 1 plus 4 dilu- 
tion with water; namely 9, 10, 11, and 12° Brix, respectively. 
The frozen lemon concentrate was thawed and thoroughly mixed 
before transferring measured amounts by weight to the stain- 
less steel blending tank. The granulated suerose and chilled 
(40° F) tap water entering the formulations were also weighed 
and thoroughly mixed with the concentrate. Each lot was filled, 
by exact weight, into 5 oz enameled cans, sealed under steam-jet 
closure and immediately frozen. Aeid served as a base for 
ealeulating the formulations for the lemonade concentrate. 
Each of the 4 sucrose levels were formulated to contain 0.7% 
acid as anhydrous citric in the dilute drink, 

The orangeade concentrates were prepared in a similar man- 
ner but with the modification noted below. The 4 levels of 
sweetness chosen for testing were 11, 12, 13, and 14° Brix in 
the final drink following a 1 plus 3 dilution of the orangeade 
concentrate with water. In addition to the sugar and water, 
eitrie acid (U.S.P.) and orange oil entered into the formula- 
tion. The orange oil (18 ml/10 gal concentrate) was blended 
with the dry sucrose, then thoroughly dispersed throughout the 
entire blend of ingredients. 

Sucrose-replacement packs for Studies II and III. Using 
the results of Study I as a basis, lemonade and orangeade con 
centrates were prepared with 10, 20, and 300% of the sucrose 
replaced with dextrose ° for Study I and with corn syrup‘ for 
Study II. 

The 4 lemonade and orange samples for each study were 
prepared in the same manner used for the all-sucrose packs. 
Each formulation was prepared separately and carefully to 
exact weight. 

Consumer survey. Three separate surveys were conducted 
among families living in Woodland, an agricultural city of 
1,000 families situated 70 miles northeast of San Francisco. 
For Study I, conducted in May, 1959, 400 families randomly 
selected from the telephone directory were invited to partici 
pate. Subsequent surveys, Studies IT and III conducted in June 
and July, employed those families from the original sampling 
who were willing to be retested. The number of families par 
ticipating and the per cent returning their completed score 


eards are as follows: 


Study | Study I! Study Ii! 


Total No. families participating...) 320 300 269 
Percent return 98.0 98.1 
At each of the 3 testing periods, every family received 2 
eans of frozen lemonade concentrate and 2 cans of frozen 
orangeade concentrate. For the all-sucrose pack, the six possi- 


* Baker and Adamson, reagent grade anhydrous dextrose. 

‘American Maize-Products Co.; analysis: acid converted, 
52.5 D.E., 43.0 Be, 80.7% total solids. Protein 0.03, Ash 0.24, 
Iron (as Fe) 1 ppm, Lead (as Pb 1 ppm, Acidity 0.009, SO, 
(M.W.) 0.0008, pH (1:1) 4.1, O.D. 0.039, Heat test 0.114. Bae 
teriology analysis: Mold/g 0, Yeast/g 13, Bacteria/g 33, Flat 
sours/10g 20, H.S formers/10 g 0. This syrup meets NCA 


specifications. 


ble paired comparisons were randomly distributed to the par 
ticipating families. In the samples containing dextrose or corn 
syrup, ho cross comparisons were made; the all-sucrose controls 
were compared against their respective replacement series, only. 

The identification on the cans consisted of the words 
**Orange’’ or ‘‘Lemon’’ and codes ‘‘Green’’ or ‘* Red’’ to 
distinguish samples within a pair. The homemaker was in 
structed to place the concentrates in the freezer part of the 
refrigerator and to evaluate them within 2 days after delivery. 
To insure correct reconstitution, the following directions were 
given ‘‘ Lemonade—Place contents of each can in separate con 
tainers. To each add 4 level cans of cold water. Stir, chill, 
stir again, then taste. Orangeade—Place contents of each can 
in separate containers. To each add 3 level cans of cold water. 
Stir, chill, stir again, then taste. It is extremely important to 
measure water correctly.’’ Each family member over the age 
of 6 received an orange-striped score card and a yellow-striped 


score card which read as follows: 
Family Number.... 


SEX: PREFERENCE (check only one) 


Male...... ; | prefer GREEN over red: 
Female... Extremely noe 
Very much...... 
Moderately..... 
Slightly........... 
AGE: 
6-12.... 
13-20... 
21-40... 
Over 40.. 
State reason for prefer- 
ence on reverse side. 


| prefer RED over green: 
Very much. 
Moderately.... 
Slightly............ 
| have NO PREFERENCE.... 


The samples within each pair were coded in reverse order 
in half of the cases to offset any code bias or first-sample bias. 
Stamped, addressed envelopes were provided for mailing the 
completed seore eards. Preferences were analyzed by Chi 
Square, using Yates’ correction for continuity (14). Analysis 
ot varianee for paired comparison as described by Scheffe 
was applied and will be reported elsewhere. 

Laboratory taste panel. A preliminary laboratory taste 
panel of 18 untrained judges was used to establish degree of 
difference in the citrus concentrates. The first 2 taste sessions 
were utilized to acquaint the judges with the commodity and 
the triangle test methodology. At subsequent sessions, evalu 
ations were made of the samples in the same combination as 
presented to the consumer panel. Judging was done at mid 
afternoon in individual booths under red illumination which 
effectively masked differences in appearance. A second labora 
tory taste panel, consisting of the 5 most sensitive tasters from 
the previous panel, judged the relative sweetness in the lemon 
ade concentrates using a paired comparison methodology. 


RESULTS AND DISCUSSION 


Composition of the concentrated and reconstituted 
lemonade and orangeade is shown in Tables 1 and 2. 
Brix values for the reconstituted products are slightly 
under the intended levels but differ by 1° Brix for the 
series in Study I. 

Consumer panel, Distribution of the participating 
consumers by age and sex (Table 3) showed that 
approximately 30 more females than males were inter 
viewed. There were more people represented in the 
age group of over 40 than in the groups including 
young adults, teenagers, or children. 

Preferences for samples varying in sucrose content 
are shown in Table 4. Sample ‘‘C’’ for both lemonade 
and orangeade, with Brix levels of 10.72° and 12.93 
respectively, received the greatest number of compara 
tive preferences. The samples placing second in ce 
gree of liking had Brix levels of 9.82° and 13.93° for 
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CONSUMER OPINION OF SWEETENERS IN CITRUS JUICE 
TABLE 1 
Composition of concentrated and reconstituted lemonade one week after processing 
Study I Study II Study III 
All sucrose pack Dextrose replacement Corn syrup replacement 
I 0 10% 20% ‘ 10% 20% 
B F ( J K 
Cor 1 
Brix 1.36 43.11 46.51 90.51 16.58 4 4 16.58 16.58 
Acid 3.10 06 2.87 sD | 2.93 2.89 
pH 2.3 2.4 2.3 2 2 6 2 
Brix-acid rati 12.69 14.08 16.19 16.79 15.55 15.94 15.34 28 15.38 16.1 
Reconstituted 2 
Bri 8.71 1.82 10.72 11.8 10.7 10.8 10.3 8 10.8 10.75 
Acidit 0.69 0.68 0.67 0.7 70 64 7 7 ,6R 
pH 2.5 2.5 2.5 2.5 3 2.7 : 8 2 2.8 2.8 
Brix-acid ratic 12.62 14.38 16.00 16.83 15.31 15.82 5 1 i 15.24 15.37 15.86 
otal acidit al ated as per cent citric acid anhydride 
120 ml concentrate + 430 m] tap water 
TABLE 2 
Composition of concentrated and reconstituted orange juice drink one week after processing 
Study | Study | Study III 
All sucrose pack Dextrose replacement ( n syrup replacement 
Code 
10% t 20% 
\ B ) } ( J 
Conce 
I 3.94 12.94 45.44 47.94 15.78 $5.48 $5.08 8 $5.48 15.98 16.48 
Acid 17 2.49 42 2.4 2.45 44 14 2.42 
pH 2.9 2.9 2.9 l 3.00 
Brix-acid ra 15.78 17 18.74 19.98 2.88 1856 18 18.77 8.64 2 ge 19.17 
R tuted 
I 10.92 1 12.93 13.9 10 12.9 12.8 12.8 12.90 
Acid 0.70 71 70 70 71 71 7 i 71 0.71 
pH 0 ) ) 1 l 
Brix-a ira 67 16.97 1s 2 1 8.27 18.09 1s Ls 18.27 
Total acid ated per cent citric acid anhydride 
120 mil tay iter 
TABLE 3 
Age and sex distribution of participating consumers 
Study I Stud Study III 
Male Female Total Male Female I" Ma Female Total 
Lemonad 
a7 182 4 84 99 18 
1 7 123 6¢ 61 4 114 
151 7 118 i4 130 25 
Over 4 1s 188 7 164 168 i 155 
Total 159 191 14 138 
Orange drink 
6-1 4 4 188 M4 5 99 181 
1 6 60 12¢ ( 64 53 112 
1—40 147 4 Lif 5 234 
Over 40 18 192 lt 17 19 151 
Tota 167 193 432 if 7 18 129 827 
TABLE 4 
Consumer preference for frozen citrus concentrates at various sucrose levels 
(Values represent individual preferences) 
Lemonade Orangeade 
(950 evaluations 160 evaluations 
Code 
A B D \ ( ) 
Brix 8.71 1,82 10.72 11.83 ) 12.93 13.93 
N.P 
Pair 
AB 16 1144 8 
AC... 72 17 61 77 
AD 74 77 ) 18 854 
55 91 21 8 
cp 67 ; 25 f 6 
iNn.P No preference 


* Significant 


prefe 


* Significant preference 


t Significant preference 


rence 


at the 5% 
at the 1% 
at the 0.1% 


level of probability. 
level of probability 


level of probability 
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TABLE 5 


Consumer preference for frozen citrus concentrates with various replacements of sucrose by dextrose 
(Values represent individual preferences) 


Lemonade Orangeade 
(903 evaluations) (897 evaluations) 
Code G 


placement 


1 N.P. = No preference 
Significant preference evel of probability 


TABLE 6 


Consumer preference for frozen citrus concentrates with various replacements of sucrose by corn syrup 
(Values represent individual preferences) 


Lemonade Orangeade 
830 evaluations) (827 evaluations) 


kK 4 K 


N P N » preferen 
* Significant preference at ‘ level of probability 
** Significant 


preference tt evel of probability 


Significant preference at the 0 ~ level of probability 


lemonade and orangeade, respectively. It is not pos- regarding the effeet of corn syrup replacement on con 
sible to determine from the data whether the insignifi- sumer acceptability of orangeade. Simon (17) re 
cant preference for pair CD is due to inability to dis- ported on a study of orange juice concentrate in which 
tinguish sweetness or to disagreement in sweetness corn SVrups of 42 D.E. and 67 D.E. were substituted 


preferences among the consumer group tested. for sucrose at 25%, 33%, and 50% replacement levels. 
This investigator concluded that the corn syrups 
could be substituted for 50% of the suerose without 


The effect of dextrose and of corn syrup replace- 
ment on consumer opinion differed for the two prod- ; 4 s 
ucts, For lemonade, only replacement of 30% of the impairment of flavor or color. 
sucrose by dextrose produced a significant preference 
for the all-suecrose control (Table 5). No significant TABLE 7 
preferences were obtained for orangeade containing Distribution of preferences for orangeade 
dextrose when compared with the control. It should Study III 
be pointed out, however, that 6 months after storage 
at 0° F., an undesirable darkening, which increased 


Code 

° ‘ % Corn s 
with increasing dextrose replacement, was observed in ska 
both lemonade and orangeade samples F, G, and H. wr 2 


The change in color was not so evident in the concen- IK 
trates sweetened with sucrose, corn syrup, or a com- F aaa 
bination of sucrose and corn syrup. A study of the 
effect of various grades and ievels of dextrose substi- 
tution on the color of the concentrates is being 
planned. 

Data in Table 6 indicate a significant rejection of 
the lemonade concentrate containing corn syrup. 
Preferences for orangeade within this series presents 
a confusing picture since the all-sucrose control is 
significantly preferred over 10% corn syrup replace- 
ment but not over 20 or 30% replacement. Further Ouen 46 
breakdown of the preferences (Table 7) shows a simi- J. 
lar pattern between sexes and among the age groups, ~ 
i.e., significant dislike for sample J but not for sam- . Ne preference 
ples K and L. This phenomenon should be investi- * Sig. at P = 0.05. 


** Sig. at P — 0.01 
ated further before definite conclusions can be drawn t Sig. at P — 0.001 


= 
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H 
ee % Dextrose re... 0 10 20 30 0 10 20 30 
Pair 
Aa KI 131 115 10 107 128 67 
EG 121 126 58 124 
160 105 17 135 25 
EH 
| 
. 
Pair 
Ik 139 54 123 > 
154 21 127 105 7 
IL 
sf 
| 
a 
63 41 21 
77 40 21 
62 44 4 
64 56 
9 
25 2 11 
25 28 
ee 13 16 11 
20 15 
33 27 13 
17 35 15 
14 20 
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In the transmission of liquid foods and bever- 
ages, Tygon B 44-3 plastic tubing offers the 
food processor assured freedom from toxicity, 
visual inspection of flow, simple set-up and 
dismantling, easy and positive cleaning, tough- 
ness, flexibility and long life. 


Tygon flexible plastic Tubing B44-3 is available in 66 sizes from 
6" i.d. to 4" i.d. Every foot is branded for your protection. Specify 
...insist on... Tygon. Write for Bulletin T-100. 


f A PRODUCT OF THE U.S. STONEWARE ., AKRON 9, OHIO 
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CONSUMER OPINION OF SWEETENERS IN CITRUS JUICE 


TABLE 8 


Consumer comments (frequency of occurrence) 

Code Code 

B 0 k K 
Comment 

Sweetener! 


Sweetener! Sweetener 


s s 


smonade 
setter flavor 


*oor flavor 


fetter flavor 
flavor 
Sweeter 
Tee swee 


Too sour 


TABLE 9 Flavor was the quality factor most frequently given 
Laboratory panei discrimination 

(Triangle method) Table 8 

for both citrus products. A relatively large number 

Comparison of people found sample A to have poor flavor. Sweet- 
separation | judgments | separatior ness was frequently mentioned and undoubtedly in- 
10* ; 14 fluenced the response obtained in Studies II and ITI. 
+ Throughout al! 3 studies, only 7 comments regarding 


16 
10 eolor were received, indicating the darkening ob 


L\ 


reason for selection of one sample over another 
A similar pattern of response was noted 


asa 


emonade 


11 
served after 6 months of storage was not apparent one 


week after packaging 


11° . 
11° Laboratory panel. Using the triangular method, 


’ the laboratory panel was able to distinguish between 


all samples within Study 1 except for orangeade sam- 
ples C vs D (Table 9). In most cases, the all-sucrose, 
orangeade control was found to be significantly 
sweeter than the samples containing dextrose or corn 


TABLE 10 
Relative sweetness of lemonade‘ (values represent percentage of response to sweetness) 
L 
10.8 


30%0 


1 Average of 35 to 57 replications. *S = all sucrose, D dextrose replacement, C = corn syru eplacement. 


* Sig. at P = 0.05. 
** Sig. at P = 0.01 
+ Sig. at P — 0.001 


519 
4 
| 
i 
| L 
8 10%D | 20%D | 30%D s 10%O0 | 20%O | 30%C 
| 1 13 47 32 49 18 24 17 58 8 10 
27 6 13 10 11 8 1¢ 15 8 7 
Sweeter 6 47 56 61 12 l 63 4 6 
Too sweet 5 3 13 37 39 10 23 7 5 3 
Too sour 1 16 2 5 11 6 13 5 10 Hoje 
More body... 2 5 3 1 2 0 
Orat 4 
63 12 43 51 70 29 67 18 15 
* + 21 7 9 
-0 26 32 50 17 64 15 10 16 all 
F 15 14 44 ‘1 9 8 8 
14 2 7 2 7 2 
More body 1 7 ) 5 l 2 1 
Ss sucrose dextrose replacement, ¢ rr rup replacement 
Wh, 
AW 7 
| { 
4 
B ¢ 15 17 
CD 15 14 
E } 17 6 17 
EG 14 7 1 
tz 15 5 11 | i. 
IK if 8 7 
Sig. at P ) Th | 
Sig. at P 1 
Sic. at P = 0.001 
Code 
Brix 
Sweetener? s ~ 10%D 20%D 30% D 10%C 20%C 
B. 7.5 62.5 
100 
G .0 100 
H 14.3 25.7 Win 
100 WE 
K 26.7 73.3 
L. 26.7 75.0** 
G 85 $1.5 
62.5 
B 90.0 10.0 
E 73.6 1.4 Hi. 
E 80.0 ane 
E @.... 60.0 40.0 
93.8 6.2 
E L...... B8.2** 11.8 
F G... 62.5 7.5 
F J. 5 
GH 57.5 42.5 aM 
GK 70.0 0 
HL 85 15.0 | 
JK i 0 
K L...... . 92.5 7.5 Al 
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syrup. Since the triangle methodology did not show 
significant differences between lemonade samples in 
Studies II and II1l, the more sensitive method of 


paired comparison was used for presenting samples 


to 5 judges selected for their high acuity for sweet- 
ness discrimination. Results obtained are presented in 
Table 10. A difference in soluble solids of 1° Brix 
within the all-sucrose pack was readily detected. Sam- 
ple B at 9.8° Brix was equivalent in sweetness to sam 
ples G and K at 10.8° Brix with sucrose replacement 
of 20% dextrose and 20° corn syrup, respectively. 
Replacement of sucrose with dextrose or with corn 
syrup definitely reduced sweetness at the same solids 
level. Comparison of values for pairs FJ, GK, and 
IL, strongly indicates that at the same solids level, 
dextrose and corn syrup may have the same sweetness 
at low concentrations but dextrose is sweeter than 
corn syrup at higher concentrations. 


SUMMARY 


Three surveys were conducted among 320 families 
to determine consumer opinion of amount and type of 
sweetener in frozen, concentrated lemonade and in 
frozen, concentrated orangeade: Study 1—Determina- 
tion of optimum sweetness among 4 sucrose-sweetened 
concentrates, Study Il—Effeect on acceptance of dex- 
trose replacement of 10, 20, and 30% of the sucrose, 
Study [1] Effeet on acceptance of corn syrup re- 
placement of 10, 20, and 30°7 of the sucrose. 

In Study I, an optimum sweetness level of 11° Brix 
at a Brix-acid ratio of 16.0 was established for lemon 
ade whereas 13° Brix at a Brix-acid ratio of 18.5 was 
optimum for the orangeade. Only the lemonade sam 
ple containing 30° dextrose replacement was _ re 
jected by the consumers; all orangeade contain- 
ing dextrose was acceptable. However, undesirable 
darkening was observed in all dextrose-containing 
samples after 6 months of storage at 0° F. Corn 
syrup was objectionable in lemonade, but inconclusive 
results were obtained for orangeade. 

The laboratory taste panel found that 9.8° Brix in 
the all-sucrose sweetened lemonade was equivalent in 
sweetness to 10.8° Brix in samples with sucrose re- 


placements of 20% dextrose or 20% corn syrup. Su- 
crose had the greatest sweetening capacity and corn 
syrup had the least. 
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Experimental Preservation of Poultry by 
Chlortetracycline and Radiation 


January 


Ca ORTETRACYCLINE and oxytetra 
eveline are now commercially used to retard microbial 
spoilage of fresh poultry. Methods of applying anti 
iotics to poultry preservation as well as microbiologi 
‘al aspects of the process have been deseribed (2) In 
yeneral, the shelf-life of refrigerated poultry has been 
substantially improved with the aid of antibioties. 
Experimental work has also demonstrated that 
ionizing radiations can extend the storage life ol 
poultry by retarding microbial spoilage. Use of 100 
to 500 kilorads of radiation has been evaluated as a 
means of pasteurizing whole eviscerated chickens (3 
Combined use of radiation and antibiotics for pre 
serving fresh meats has been reported (7, 4) as a 
means of further improving their shelf-life. Inecorpor 


ating radiation into antibiotic preservation 
process should result in the inhibition of many micro 
organisms resistant to antibiotics 

Results given here were derived from the experi 
mental preservation of fresh chicken by means of 
Kffects of this 


process on microbial counts of chicken during refriger 


chlortetracycline and X-irradiation. 


ated storage are pre sented 


MATERIALS AND METHODS 


re prepared as follows 
chickens and placed in 


ipproximatels 6 em in 


ples w 
iickness. Chlortetraeyeline (CTC) in 
d into the package which was then 
d so as to impregnate all meat 
solution. The final coneentration 

ileulated to be 10 ppm. Three 40-g 

parameter of the experiment. Speci 

with 100 kilorads of 250 kv X rays 

‘50 X-ray machine (General Elec 

Itration was employed. A Plexiglas 

for the sample supported the latter 

irradiatior \ plate was attached directly to the X 
hing Rad 1 dosage was determined with 40 ml of 
in a polyethylene package having 

ry and mekaged meat samples. The lat 
tored at ) for 7 week nd the total viable 
counts of microorganis determined. Initial microbial counts 


Microbial 


comminuted in 


prior to treatment ste re were also obtained. 
counts were perforn portions of meat 
95 ml of sterile v for 5 min in a Waring blender and 1 ml 
nliquots were plate rip on tryvtone giucose extract agar 
Difeo Colonies counted ineubation of plates 
18 hr at 25°C. The ire experiment was repeated on thre 
separate occasions 

After the indieated storage period, all samples were also 


examined for eolor, odor and texture 


RESULTS AND DISCUSSION 


Table 1 presents the microbiological data on fresh 


A. W. Phillips, H. R. Newcomb 
and F. C. Bach 
: yical Research Laboratories, Bac- 
eriology and Botany Department, Syra- 
Syracuse, New York 


TABLE 1 


Microbial counts in fresh poultry breast meat treated with 
10 ppm of chlortetracycline and 100 kilorads of x-rays then 
stored 7 weeks at 41° F 


eated controls 


Mean values art 


chicken stored under refrigeration for 7 weeks after 
Although the inde- 
either chlortetracycline or X- 
retarded the 


isms, only the combined use of 


various specified treatments 
pendent application 
rays to the fresh meat significantly 
growth of microors: 
antibiotic and radiation resulted in a microbiologically 
acceptable product under the conditions employed. 
Stored meat treated with the combination process was 
similar to fresh chicken in color, odor, and texture. By 
contrast, the irradiated meat and that treated only 
with CTC possessed pronounced yeast odor and some 
slime 


Although X-rays 


expected that simila sults would 


utilized in this study, it is 
be achieved with 
gamma radiation or electron beams. Since micro 
biological spoilage of meat predominantly oceurs at 
exposed surfaces, electron beams of 1 to 2 mev should 
be adequate when employed in conjunction with 
antibiotic 

These results are in general agreement with those of 


Cain et al (1) for other fresh meats 


Manuscript received 19, 196( 
a 
| 
Microorganist x 105/¢ meat* | 
number 7 
B 1B) 
7 
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; 
) om, 
190 
Mear 8 76 + 55 6+4 
8 40 20 
Samples of chicken breast meat we 0 
Sixteen 40-g samples were eut from § 
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SUMMARY 


Ten ppm of chlortetracycline and 100,000 rads of 
ionizing radiation were used in an experimental anti- 
biotie-radiation process for retarding microbial spoil- 
age in prepackaged fresh chicken meat. Treated meat 
was stored at 41° F for 7 weeks without microbial 
spoilage. Results obtained on meat independently 
treated with either radiation or antibiotic were in- 
ferior to those achieved with the combination process. 
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Time-Temperature Tolerance of Frozen Foods. XXIII. 


Quality Changes in Frozen Spinach’ 


Manuscript received June 6, 1960) 


Tees OF VEGETABLES have been 
selected for the investigation of time-temperature 
effects on retention of quality in frozen foods. Green 
beans, a pod type, were reported first (11), then peas, 
a seed type (5), and now spinach, a leafy vegetable. 

Some of the effects of constant and fluctuating tem- 
peratures near and below the freezing point of water 
have been determined with regard to rate and extent 
of changes in chlorophyll, ascorbic acid, physical 
properties, and organoleptic quality of commercially 
processed spinach. 


MATERIALS AND METHODS 


Selected raw material was processed by commercial plants 
and procedures. Shipping, holding at —20° F, and analysis for 
reduced aseorbie acid and enzyme inactivation tests were car 
ried out as deseribed for green beans (11). Four small lots of 
Viroflay spinach grown in California, 2 leaf and 2 chopped, 
were tested first to determine approximate rates of deterio 


“Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, Pennsylvania, May, 
1959. 

*A Laboratory of the Western Utilization Research and 
Development Division, Agricultural Research Service, U. 8. De- 
partment of Agriculture. 


W. C. Dietrich, Mildred M. Boggs, 
Marvel-Dare Nutting, and 
N. E. Weinstein 


Western Regional Research Labora 
tory,” Albany, California 


ration, Then two larger lots of 10 oz wax-overwrapped cartons 
of leaf spinach (Viroflay variety from California and Savoy 
variety from the Eastern Seaboard) were used to define changes 
in chlorophyll, reduced aseorbie acid, flavor, reflectance color, 
and visual color. Four replications or more were used to estab 
lish analytieal values for chlorophyll and aseorbie acid, and two 
for reflectance color for each time-temperature exposure. 

Chlorophyll. Procedure for green beans (10) was modified 
for most of the samples to shorten extraction time and to avoid 
cloudiness. The slurry was diluted with 100% acetone just 
before filtration to give 500 ml of filtrate. Clear filtrate (10 or 
15 ml) was diluted with 90% acetone to (100 ml) a desirable 
optical density for spectrophotometric readings in 5-em cells. 
The blank used was 90% acetone. Calculations of the ratio 
pheophytin: :chlorophyll + pheophytin, expressed as percentage, 
were based on values of R. = 0.900 and Rw = 2.33 for lots 1, 2, 
3, 4,5 and Rwo = 2.25 for lot 6. 

Total carotenes. These were determined in 5 ml of the 
filtered acetone extract for chlorophyll by transferring to 
petroleum ether and chromatographing by the procedure of 
Bickoff et al (3). The earotenes were eluted and diluted to 
100 ml. Absorbance was read in 5-em cells at 451 mme with a 
spectrophotometer. A specific absorption coefficient of 251 as 
determined by Bickoff et al (4) was used to ealeculate mg ? 
carotene per 100 g frozen spinach. 

Subjective appraisal. Packages were thawed 30 min. Con 
tents were cut into 60 cubes and added to 20% by weight of 
boiling distilled water, heated, and stirred every 15 see for 2 
min and then boiled 1 min without stirring. 
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PROTECTIVE COLLOID 


BINDER 
COATING 
JELLING AGENT 


EMULSIFYING AGENT 


HIGH PROTEIN FOOD 


The young lady is demonstrating 
the clarity of Swift's Superclear 
Gelatin. The cake, about 24% 
inches thick, is made from a 
10% solution. 


SWIFT'S GELATINS 
MAY ANSWER YOUR NEEDS 


Gelatin is a versatile food . .. capable of doing many 
things well. But most important to food processors, 
gelatin is a concentrated food protein of high purity. 
And, protein is a business at Swift. As both a pro- 
ducer and a user of gelatin products, Swift & Com- 
pany has been a pioneer in the development, pro- 
duction, and application of gelatin to specific uses. 
If you use protein colloids . . . or if your process 
requires any functions noted above—Gelatin, the 
high purity food protein, may be the answer, and 
SWIFT IS THE INFORMED SOURCE. 


Write today for details: 
SWIFT & COMPANY, 
GELATIN DEPARTMENT 
1215 HARRISON AVENUE, KEARNY, NEW JERSEY 
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Morningstar-Paisley is the country’s foremost supplier 
of potato starch and the major importer of food tapioca 
and arrowroot. Modern production facilities are used to 
process highest quality refined and pregelatinized food 
starches to meet all requirements. 

REDISOL,* FRUITFIL,* TENDERFIL,* and FREEZIST® are 
Morningstar-Paisley food starches used by quality- 
conscious bakeries, canned food, frozen food and food 
specialty processors from coast to coast. 

You will profit by knowing them better. 


Morningstar-Paisley is the nation’s leading source for 
food-quality water soluble gums—Gum Arabic, Gum 
Karaya, Gum Tragacanth, Locust Bean Gum, Guar 
Gum, Agar-Agar, and Okra Gum. We select, sort, 
grind, blend, and refine them into function-serving 
ingredients for the food and beverage industry. 

The stabilizing, water holding and thickening prop- 
erties of these natural gelling agents are depended 
upon by major food processors. Morningstar-Paisley 
can be depended upon to supply them. 

You will profit by knowing us better. 


Ask about Morningstar-Paisley’s complete line of food 
starches, flours and gums. Tell our Food Technologists 
about your special requirements for thickening, binding 
or emulsifying. Write direct to . . 

MoRNINGSTAR-PAISLEY, INc., 630 W. 51st St., New 
York 19, N. Y. 


*Reg. applied for 


. 
MORNINGSTAR PAIS 
to provide to All — 


Oftides in 28 principal cities from coast-to-coast. In Canada: Morningstar-Paisiey of Canada, Ltd., Toronto 
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PRESERVING POULTRY 


Three pairs, control and stored sample, preceded by a labeled 


control, were appraised each session under low-intensity green 


light. Order of samples and pairs was randomized each day. 


four or more periods for 
10 to 14 seleeted 


and rank 


Four replications of each pair and 


each temperature condition were appraised by 
Rank 
off-flavor 
that 


obtained 


1 indicated no or less off-flavo1 
Number of 


a sample had 


(7) judge 
before 75 of 
off-flavor than 
percentage con 


indicated more days 


judgments concurred more 
the control 
currence on days by Guadagni’s proceedure (12) 
Reflectance color. Measurements were mack 
and Color Difference Meter (HCM 
the technique of Boggs et al (6) for 
Although measurement of color on stem only 
stems to leaf 


wis from regression of 


Hunter 


on samples ‘tas re 


with a 
Color 
eeived’’ by loading the 


cells, was more 


uniform, the proportion of was too small for 


adequate sampling. 
Industry evaluations. Quality 


procedure used for green beans (77 


scores were assigned by the 


RESULTS AND DISCUSSION 


Data characterizing the 6 lots of control material 
held at —20° F Although ana- 
lvtical values vary somewhat in these few lots, there 
data to effect 


growing area, or 


are given in Table 1 


were not sufficient reveal any due to 


harvest year, variety, processing 
condition, 
Chlorophyll. 
percentage of chlorophyll converted to pheophytin in 
steady the 
at temperatures fluctuating regu- 
larly with a 20 to 20° F, 


was found to be linear within the precision of the 


The relationship between time and 


samples held at temperatures in range 
10° to 25° F, or 
amplitude in the range —10 
data. Linear regressions as computed for the data of 
Previous investigations 
had 
logarithmie relationship between percentage chloro 
phyll retention (100 — % , and time. The 
magnitude of the standard error of estimate (SE) at 


lot a are shown in Figure 1. 


of green beans (77) and peas (5) indicated a 


conversion 


each temperature is indicated in Figure 1 by the short 
vertical bar crossing the regression line. Chlorophyll 
conversion did not increase in samples held at —20° F 
and the (SD 
total of 


throughout a 2-ve 


standard deviation was 1.25% for a 
29 packages analvzed on 16 different dates 
ar period 

Rate of chlorophyll conversion increased exponen 
tially with temperature; percentage chlorophyll con 
version per day is plotted on a log scale against tem 
perature in Figure 2 


of the material thaws, the increase 


Between 25° and 30° F where 


a large proportion 
and then the rate in 


ten-fold 


in rate was interrupted (lot 5 
creased rapidly again with temperature. A 


TABLE 


Identification of lots, processing conditions, and analytical values for 


iroflay 
iroflay 
iroflay 
iroflay 
Viroflay 


Savoy 


\ 
\ 
\ 
\ 


chopped sand 2¢ 
Eastern Seaboard 


leaf; C 

Central California; ES 

lots were adequately blanched in steam and water cooled 


* Relative chlorophyll content expressed as optical density reading 


ml in 90% acetone. Hunter Color and Color-Difference 


B grade assigned because of number of yellow leaves caused by 


packed from the same raw mate 


BY CHLORTE 


in 
Meter values, HOM, are 
mildew 


ACYCLINE AND RADIATION 


0 
-10° 


Chlorophyll Conversion, Percent 


120 160 200 240 280 320 360 
Time in Days 

Figure 1. Effects of time and temperature on conversion 
of chlorophyll to pheophytin. 
SI standard error f estimate f é vints. The zero point 
esents ar veruge t rt ro » “4 
were expos d 


the coefficients 


nerease In rate occurred between horizontal lines 


that is, with about 15° increase in temperature 
rates for 
differ 


precision of estimate from the rate 


Fluctuating temperature deterioration 
‘hlorophyll 
by more than the 
it the effective 
the more detailed data and discussion presented for 


acid, and flavor did not 


aSCOrol 


mean temperature. This agrees with 
green beans (11 


+ 


Based on only a few data, the chopped spinach, lots 
2 and 4, converted chlorophyll to pheophytin at any 
twice the rate found for 


with 


gviven temperature at about 


leat spinach, but relative change of rate tem- 
perature was parallel with the change in rate for leaf 
the 
same for both leaf and chopped spinach, packed from 
lots | 2), it 


only be surmised that greater physical manipulation 


spinach, Sinee the conditions were 


processing 


the same lot of raw material and can 


of the chopped spinach created conditions whereby 
take place at faster rates. Care- 
leaf-to- 
will be necessary for signifi- 


these reactions ecoul 


ful selection of raw material and a uniform 
leaf blanching procedure 
cant correlation of processing conditions with quality 


tion. 


1 
control samples 
Ascorbic 


acid 
mg/1l00 ¢g 


Carotene 


mg/100 


2 5 em at 556 mm spinach diluted to 100 


given in Table 


35 
25° /20°F 
4366 / 2233 15° 
30 119 ° 
10 
0680 
5 
0% 20 
0677 ia 
20) 
[=Se a 
4 
sing i | 
0.4366, 0,223 ete.) 
| 
Blanel |! 
USDA Harvest Growing 
gra rea I rime per cent density. 
min 
; 1] \ 1955 1 6.9 14.0 
5L \ 210-212 3.4 4.7 17.0 
6L \ 1956 ES 212 f 7 40.2 
rial; 4C packed at the same plant 15 avs after | 
aA 
ar 
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2.00 
100 
Lot IL 4 
204 
4C 
Lot il 
of 3L 
10 


Ol 


Lot 5,SE estimate = 26 % 


Chlorophy!! Conversion, % per Day 


005 
Lot6,SE * =22% 
002g 
OOo! i i i 
0 20 30 40 


Temperature, °F 
Figure 2. Relationship of chlorophyll deterioration to tem- 
perature. Regression lines of rates of chlorophyll conversion 
(% conv per day) on temperature. Packages were exposed 
singly, except at --10° F, where they were cased. 


Ascorbic acid. When logarithms of meg of ascorbic 
acid for 100 g of spinach were plotted against time at 
fairly straight lines 


a given temperature (Figure 3 


were obtained. Rate of loss for the first 10 to 15 mg 
was often faster than this logarithmie relationship 
when samples were tested in the —10° F to 20° F 
range of conditions. A 50 to 75‘) loss in ascorbic acid 
occurred in 1 year at 10 
by Bennett ef al (2). The temperature coefficient of 
rate of loss in the range 0° to 25° F was about the 


: similar losses were noted 


same as for chlorophyll conversion. A regression line 
for lot 5 data showed a ten-fold increase in rate for a 
16° rise in temperature; thus 1 week at 25° would 
cause as much loss of ascorbic acid as 2 months at 
10° F. 

Variability among packages was extreme, as shown 
by the SE of estimate for regression lines for 8 tem- 
perature conditions (Figure 3) ; therefore, only broad 
trends are comparable. Burger ef al (8) also showed 
a broad range in ascorbie acid content among sets of 
about 35 packages of spinach with an average age 
of 6.8 months at O° F. Amount of ice in the packages, 
ratio of leaf to stem, and difference in concentration 
of ascorbic acid in these parts are known factors con- 
tributing to package variation. A standard deviation 
of 9 to 11‘7, with respect to initial amount, per half 
package based on 20 to 30 controls was more than 
twice that found for a relatively uniform commodity 
like peas. This variability made it difficult to deter- 
mine deterioration rates with good precision. 

Moisture loss. A wide variation in moisture loss 
was found between lots 5 and 6 where 20% and 6% 
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respective losses were noted in material held 1 year 
at 10° F. Additional observations on weight loss were 
made on spinach and other vegetables and reported by 
Nutting ef al (14). A general discussion of cause of 
‘freezer burn’’ and moisture loss is given by Des 
rosier (9). 

Carotenes. Measurements of total carotenes were 
made to determine stability in the range —20° to 
40° F. Five to 7 temperature conditions were investi 


» 
oO 

] 
= 0 $ 20° 
10° 
o 20 
<a is° 
] = SE 
oO 
<I 

Te) 

30° \25° 
8 i. i i i i L 
020 60 120 180 240 365 


Time in Days 
Figure 3. Effect of time and temperature on reduced 
ascorbic acid. Regression lines of ascorbic acid loss and stand. 
ard error of estimate (SE) plotted on a semi-logarithmic graph, 
lot 6, Savoy variety. 


gated for each lot. Some maximum time periods 
measured at a given temperature were 2 
and —20°, 1 vear at 20°, and 7 days at 40° F. Ther 


was no significant change with time at any given tem 


vears at O 


perature, which is in accord with the work of Bed 
ford and Hard (1) and Burger ef al (8). All values 
for each lot were averaged and the SD calculated 
(Table 2). 

Reflectance color. Measurement of color attributes 
with the Hunter Color and Color Difference Meter 
(HCM) at 10° intervals from 0 to 30° F, showed that 
change in color with time was complex. Although 
HCM a, saturation index, and hue angle showed 
reasonably consistent patterns of change with time 
and temperature, these functions did not change at 
constant rate during the periods tested as did per 
centage chlorophyll conversion. Saturation index 
changed relatively fast towards grayness or muddi 
ness of green color during the first stages and much 
slower in the latter stages of deterioration. Hue 
angle, tan-' b/a, changed irregularly at first before 


TABLE 2 


Average carotene retention in the range of —20° to 40° F 


Lot Ne 2¢ 
Carotene, mg/100 ¢ 4.8 
SD mg/100 ¢ 37 0.40 
Number of observations 28 11 
‘ 
: 


I 51 
4.9 
0.47 0.46 0 
17 10 15 17 


= 
V4 
ff 
Lot 2 
Lot4c 
om 
3 
5 
te 
| 
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a consistent decrease occurred to indieate a change 
from green toward yellow as time increased at a given 
temperature. The HCM JL data for 30° F showed 
little or no darkening of green color in contrast to a 
decided darkening in the early stages of deterioration 
at 0°, 10°, and 20° F and in the 20° F data of Boggs 
et al (6); similar color changes were observed in green 
beans and peas. After an initial drop, the L values 
leveled off or increased 

Guerrant (13) made reflectance measurements on a 
1+ 1 spinach-water slurry with a recording spectro- 
photometer from 400 to 700 mme. After 12 months at 
10° F, the spinach color was darker as indicated by a 
marked lower reflectance in the green-vellow-orange 
region. 

There was a high degree of correlation (Table 3 
between percentage conversion of chlorophyll and 


TABLE 3 
Correlation of percentage conversion of chlorophyll with HCM 
functions 


Mea i at men 
HOM M4 ~ 
t 


logarithmic values of HCM a, saturation index, and 
hue angle for individual lots. However, this high 
degree of correlation was dost when data for lots 5 and 
6 were combined; lot 5 was vellow-green, whereas, lot 
6 was blue-green. For general trends and intercom 
parison of ICM funetions, see the graphs of Boggs 
ct al (6) illustrating data obtained from spinach held 
0 to 84 days at 20° F 

Relation of judges’ results to objective measure- 
ments. In orl to determine any association of 
objective measurements with color judgments for a 
wide range of temperature conditions and deteriora 
tion, 19 or 20 samples of each lot were scored in one 
series. Vivid green color similar to a labeled control 
was scored 1, and a very yellow or very grayed green 
was scored 5, Samples from 1 to 5 time periods for 
each of 6 or 7 temperature conditions ranging from 

20° F to 30° F made upa eolor series for lots 5 and 
6. Judges’ scores (Table 4) show a high degree of 
correlation with chlorophll conversion, HCM a, and 
HUM \/a* + b? over the wide range of color selected 

TABLE 4 


Correlation for judges’ color scores with objective data 


( relatior of 
‘ 
Cok h 
\ icid, mg/l 
HCM } ing 7 
HCM 64 
Average values for a packages measured for each time-temperature 
condition. Does not ir ide ar material used for visua idgments 
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for these series. Chlorophyll conversion ranged from 
6 to 37% : when the latter condition was found, the 
flat-leaf portion was gray-green and the stems yel- 
lowish or brown 

To determine the amount of difference in objective 
values required for judges to distinguish between 
samples, 130 to 150 pairs were ranked and objective 
measurements made on the same material. Intercom- 
parisons were made between samples held at several 
temperatures from 20° to 30° F and for different 
time periods at a particular temperature. Larger dif- 
ferences in chlorophyll were required, for visual recog- 
nition of color differences in lot 5 than in lot 6, al- 
though similar differences were found for HCM a 
and + (Table 5 

When chlorophyll conversion was above 21%, larger 
conversion differences were required for judges to 
distinguish between samples. Chlorophyll and HCM 
functions changed similarly up to 4 to 10% change 
in conversion, then HCM values (visual changes) 
changed less rapidly than chlorophyll. This difference 
in rates could account for the requirement of greater 
change in chlorophyll in order to see a visual difference 
above 21% conversion of chlorophyll. To find the 
time required for a visual change in color to oceur on 
the basis of chlorophyll conversion, divide the average 
difference ‘Tabl by the rate per day ata particular 
temperature (Figure 2). Thus, lot 5 would change 
visually after 350 days at 0°, 70 days at 10° or 7 days 
it 25 F 

First detectable flavor differences with respect to 
time, chlorophy!! conversion, and ascorbic acid. 
Judges were specially trained and selected for flavor 


appraisal of lots 5 and 6. They were consistent with 


themselves when tested on deteriorated samples at the 
start and the end of a 14-month period; the latter 
samples had been preserved at —20° F. Time at each 


temperature when 75% of judgments concurred that 
samples had more off-flavor than material held con- 
tinuously at —20° F are plotted against holding tem- 


peratures in Figure 4 


TOO 
Lot 5 Viroflcy| Constant 
e Lot 6 Savoy Temperature 
A 4 | Fluctuating Temp., 
O $ 20° J24 hr ow 
500} 


Days to a Detectable Flavor Change 


20 30 
° 
Temperature, F. 
Figure 4. Effect of temperature on flavor. Days when 75% 


of judgments concurred there was a flavor change from 
20° F controls. 
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TABLE 5 
Chlorophyll and HCM differences required for 78 to 89% of judgments to indicate a difference 
in color between two samples * 
HOM a HOM Va? HOM, hue angle HOM L 
Lot No 5 6 5 6 5 6 5 6 5 6 
Average difference +3.5 LOS 0.6 O.5 0.6 o.9 .2 0.7 
SD 2.5 1.0 0.7 24 28 1.5 
S E of average 0.6 o.14 0.07 0.16 O4 o.4 0.24 0.20 
Number of pairs! 53 45 53 53 53 43 53 
Pairs were ranked 1 and 2; 1 more vivid or less vellow and 2 more yellow or gray. The symbol or indicates increase or decrease of ob 
ective value with increase in rank 
A detectable off-flavor developed in 4 to 5 months quired for detectable flavor and visual color changes 
at O F and there was a rapid decrease in time as were about the same at a given temperature as deter 
temperature was increased until only a few days were mined by equivalent chlorophyll changes in respective 
required at 30° F. Bennett ef al (2) found ‘‘three samples. 
quality levels in flavor and color’’ in spinach due to Industry evaluation. Time series of 0°, 10° and 
different temperature effects at —20°, 0°, and 10° F 20° F samples with a —20° F control included were 
when samples were compared after 4 months. Tinklin evaluated by industry panels for acceptability on the 
and Filinger (75) blanched spinach by 3 methods basis of color and appearance of barely thawed ma- 
and reported changes in flavor, aroma, texture, ap- terial. Time-temperature effects caused a marked 
pearance and aseorbic acid retention when held at change in acceptability and the general patterns of 
0° F for 1 to 6 months change with time were similar for different lots even 
During the development of a detectable flavor when judged by different panel members (Figure 5 
change, the accompanying decrease in percentage Additional data for lots 5 and 6, Table 6, showed that 
chlorophyll ranged from 1.1 to 5.7 and the decrease in panel scores and per cent of panel giving score 3 
mg per 100 g of ascorbic acid ranged from 2.0 to 9.3 (consumer complaint seore) increased in direct pro- 
for 10 different temperature conditions, lot 5. For portion to the increase in chlorophyll conversion. 
7 temperature conditions, lot 6, the chlorophyll de- Hunter functions a, hue angle, and \/a? + b* de 
crease ranged from 1.1 to 4.4 and ascorbic acid creased with decrease in acceptability, but the pattern 
deerease ranged from 2.4 to 5.4. Time periods re- of points was more scattered. Before there was much 
TABLE 6 
Industry panel scores and objective data 
Tim Score Chlorophyll Ascorbic HOM values 
ot No i Score conversion seid 
ontre 0 6.9 
120 ) 0 7.9 
40 11 8.0 
5 15 10.8 
65 10 7 7 20.1 10 
7 14 0 11.8 41 
1.8 0 164 37 
4 6 211 
7 73 9 
i4 1.2 0 16.7 4 
2.8 82 1.7 18 
! 0 ~ 17 24.7 10.1 142.6 a0 
1 21 16 15.9 IR 22.7 a1 35.5 6.0 
4 22 21.6 7. 16.2 
O5 ~ o4 1.9 132.2 
i 1.3 16.6 23.8 7.8 Ia 
3.4 23.4 6.7 136 4.0 
ie 2.5 51 2.2 2 24.5 7.2 132.2 1.9 
nire 0 6.6 21.4 2.8 146.5 7.2 
112 l 1.6 ; 13.7 26 18.2 7.0 144.6 5.8 
240 1 2.4 43 20.4 22 18.1 8 139.5 i4 
15 24 i 24.0 19 16.8 1.9 142.6 41 
14 0 15.7 15.6 6.8 145.2 5.7 
2.6 26.7 18.5 5.0 139.9 
a $9.33 13 17.5 1.3 2.9 
\ control was placed in each temperature series. Lots 1 and 3 scored by 1 panel, and lots 5 and 6 scored by 2 panels and data averaged 
Interpolated value 
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Figure 5. Industry evaluation of 0°, 10° and 20 F samples. 


Score 1 scceptal ind high quality score 2 icceptable but 
not high quality; and score sufficiently poor to cause consumer 
complaint 

Lot 5 and 6 were judged twice Albany and Seattle) and data 
iveraged;: other data were nglie evaluations 


increase in score above Lb. ascorbic acid had decreased 
10 to 20 mg/100 ¢. The data indicated that members 
of industry observed considerable deterioration in the 
quality of spinach held at 10° and 20° F. With minor 
exceptions, panel members gave a score of 3 to most 
lots held 8 months at 10° F or for 2 months at 20° F. 


SUMMARY 


Time-temperature conditions ranging from one day 
at 40° to two years at —20° F have been investigated 
for spinach with regard to changes in chlorophyll, 
ascorbic acid, carotene, reflectance color, visual color, 
and flavor. Significant deterioration did occur (ex- 
cept for carotene) above 0° F within periods of 
handling that may be experienced in industry practice. 
Measurable rates increased by a multiple of 10 for 
about each 15° rise in temperature between 0° and 
25° KF. This inerease in rates was similar to the tem- 
perature effects on rates found earlier for peas and 
green beans. 

Comparison of change-in-percentage chlorophyll 
converted to pheophytin in spinach with the change in 
peas and green beans, for example at 10° and 20° F, 
showed conversion in spinach to increase 1 to 2 times 
as fast as in peas and one-half to one-quarter as fast 
as in green beans. Loss of ascorbic acid in spinach 
expressed as mg/100 g@) was 1 to 2 times as much as 
found in green beans and peas under the same 
conditions. 

Some time-temperature effects caused enough de- 
terioration for industry panels to rate samples as 
‘sufficiently poor to cause consumer complaint.’’ 
Data emphasize a large variation among 10 oz pack- 
ages of spinach and the necessity for adequate sam- 


pling for quality evaluation. 
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An Accelerated Oxidation Method for the 
Estimation of the Storage Life of 
Frozen Seafoods’ 


(Manuscript received May 18, 1960) 


Sa STORAGE of many seafood 
products often leads to losses in quality and fresh 
flavor. Prolonged freezer storage coupled with the 
variable temperatures frequently encountered in com- 
merce promote these deleterious changes. In addition, 
the large proportion of unsaturated lipids common to 
fishery products makes them particularly vulnerable 
to attack by atmospheric oxygen. This autoxidation 
reaction, oxidative rancidity, is characterized by the 
formation of hydroperoxides. The decomposition of 
these hydroperoxides yields carbonyls, the compounds 
responsible for the off-flavors and odors that taste 
panels classify as ‘‘painty,’’ *‘fishy,”’ or ‘‘raneid.”’ 

The problem of lipid deterioration by oxygen has 
been the subject of several excellent reviews by Mor- 
ris (13), Watts (21), and Lea (11, 12). The subject 
of seafood autoxidation was discussed by Yu and 
Sinnhuber (22). They used the 2-thiobarbiturice acid 
(TBA) method as a measure of the extent of oxidative 
rancity, applying this test to the intact sample, with- 
out extraction. Results were expressed as TBA num- 
ber or mg of malonaldehyde per 1000 g of sample (16, 
22). 

Accelerated aging tests to promote oxidation of 
fats, oils and food products are widely used in the 
food industry to evaluate processing procedures and 
predict probable shelf life. Reviews by Riemen- 
schneider (5), Lea (10), and the Committee on Food 
Research, QMC 17-7 (6), discuss the usefulness of 
various accelerated tests. Gearhart and Stuckey (9) 
proposed an ASTM Bomb Method and compared it 
with the Active Oxygen Method and the Schaal Oven 
procedures, These methods all employ exposure to air 
or oxygen at normal or increased pressure and con- 
trolled temperature to accelerate oxidation. 

Lea (10) suggested that the area of surface exposed 
to air woul! have a considerable effect on the rate of 
oxidation. In early incubation tests filter paper was 
used as a support for fat to increase the surace area. 
Eckley (6) reported an oxygen absorption method for 
measuring the induction period. In this method sand 
is used as a support to increase surface area. In a 
very recent investigation by Bishov, Henick and Koch 
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(4) carboxymethyleellulose is used as a support to 
evaluate antioxidants in dehydrated foods. 

The authors, as of the time of this report, are not 
aware of any method suitable for accelerating the 
aging of frozen seafoods. The long storage period re 
quired to evaluate frozen fishery products, the product 
to product variation, and variation within the catch 
all combine to make storage tests time-consuming and 
oftentimes devoid of any useful data. For example, 
antioxidants although known to be useful stabilizers 
of fat and widely used in other foods to extend their 
shelf life, are not used by the fishing industry. Per 
haps one reason for the lack of use of antioxidants is 
the inability to give a clear cut demonstration of their 
value. An accelerated oxidation method for frozen 
seafoods would be a useful tool to evaluate processing 
procedures such as the choice of antioxidants, proper 
storage temperatures, and pre-handling and process 
ing conditions. 

Diatomaceous earth such as Celite which has a sur 
face area from 4 to 6 square meters per gram offers 
interesting possibilities as a support medium not only 
for fats and oils but also for seafoods. 

The acceleration oxidation method described in this 
paper uses the surfactant, Celite, as an inert support 
for frozen fish or fat to increase enormously the sur- 
face area. This increased exposure to air permits 
greatly increased oxidation even at sub-freezing tem 
peratures. The effect of temperatures and their 
action of antioxidants, 
and the relation of temperature to oxidation rate in 
frozen seafoods is described. The TBA test is con 
ducted directly on the fish-Celite samples. This pro 
cedure is also proposed as a method for the acceler 
ated autoxidation of fats and oils and several advan 
tages are claimed for its use. 


EXPERIMENTAL 


Reagents. NDGA antioridant solution. Ten per cent nordi 
hydroguaiaretie acid (NDGA), 200 butylated hydroxyanisol 
(BHA) and 66% eitrie acid dissolved in edible oil and propylene 
glycol (Nordigard Corp. 

Propyl gallate (PG) (Eastman Chemical Produets, Ine 
antioridant solution. Stoek solution containing | mg/ml pre 
pared by dissolving 100 mg of PG in absolute ethanol and 
diluting to 100 ml. 

Quercetin (Q) ( Wey erhaueser Co.) 
Reerystallized two times in an acetone-water solution and dried 


antioxidant solution 


over KOH in a vacuum. Stock solutions were prepared as with 
PG above. 

Diatomaceous silica, Celite Analytical Filter-Aid and Celite 
319. (Johns-Manville Corp.). 

Freon 11 (Matheson Co.) trichloromonofluorome thane. 
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Lard. Steam extracted lard was obtained from a commercial 
source. The lard was packed at 158° F (70°C) in 307 x 409 
‘CC’? enamel eans and held at 0° F (—18° C) until used. The 


lard ad the following properties: Free fatty acid eontent, 


expressed as oleic acid); iodine number (Hanus), 
ability by the Active Oxygen Method, 8.8 hr to reach 


125 milliequivalents peroxide, and after ignition the residue 


from 25 g of lard gave a negative copper test with phospho 
molybdie acid (7). 

Preparation of sample. Fresh rockfish fillets (Scorpaenidae 
sp.) were purchased locally for each treatment. Approximately 
’ Ib of sample were passed through a meat grinder modified to 
prevent iron contamination by chrome plating the internal 
parts and utilizing a Formiea face plate. After being ground, 
the sample was well mixed, quartered, and the alternate quar 
ters disearded. This was repeated three times after which a 
10-20 g random sample was removed. 

Preparation of surfactant. A diatomaceous silica, Celite 
Analytical Filter-Aid was selected because it is commercially 
ivailable and uniform in quality, Previous tests have shown 
that this produet does not interfere with or affeet either the 
thiobarbiturie acid TB renetion or pe roxide determina 
tions. Manufaeturer’s specifications of this and similar diato 
maceous silica products point out their large surface area per 
unit of ¢., from 4 to 6 sq m per g). Chemical analysis, 
for the esence of trace metals which would influence the 


oxidation iction reve 


appreciable amounts of iron, Puri 
fication and removal « i@ iron was accomplished by reacting 
the surfactant with a egin for 48 hr. The surfactant was 
then transferred to a pereolator and washed with distilled 
water, using suction, t negative chloride test was obtained 
with silver nitrate The water was removed at the pump and 
the product dried in an oven at 212° F 

Method of mixing surfactant with seafoods. A random 
simple 10.00 g 0 the seafood to be tested was obtained as 
previously deseribed and mixed with purified Celite Analytical 

30.00 @), by thoroughly grinding the sample in a 
mount of surfactant. The remainder 
| and blended into the original to 

proportion of 1: Standardization of the mixing 
procedure as to time and temperature is important to achieve 
uniformity The mix re was next passed through a 20-mesh 
nylon sereen and placed in suitable containers for storage. 

Method of mixing surfactant with fat. A uniform dispersal 
of fat on surfactant was obtained by the following vrocedure: 
20.00 g of lard were quantitatively transferred from the weigh 
ing b to an 800 ml beaker by the use of three 25 ml por 
tions of redistilled Free 1. Twenty g of purified surfactant 

as dded If a homogenous mixture was ob 

ed. The Freon w evaporated by stirring the mixture ove 

water bath (120° F) until no lumps remained and a 

powder resultes Complete evaporation of the solvent was 

Innece ry since any traces were evaporated in the constant 
temperature oven, 

Chemical determination of oxidative rancidity. The 
thiobarbiturie acid i method of Yu and Sinnhuber (22) 
was adopted with only minor modifications. A erystal clear 
solution was achieved after centrifuging for 10 min at 1800 
rpm, eliminating the extraction proceedure with petroleum ether. 
The results are expressed as TBA number (mg of malonalde 
hyde per 1000 g of sample by multiplying the E\4, at 535 
mme by the constant 46 

The Peroxide Value, Cd 8-53 (17) was used in determining 
the stability of a lard substrate mixed with antioxidants and 
purified Celite Analytical Filter-Aid. The following modifica 
tions were made: A 0.01 N-sodium thiosulfate solution was used 
for titrations on a 2.000 g sample containing 1.000 g of lard; 
it was found necessary to swirl! the flask continuously for 1 min, 
prior to the addition of potassium iodide, to break up the 


lumps present. 


PROCEDURE NOTES AND RESULTS 


Effect of purification of surfactant on the accel- 
erated autoxidation of frozen fish. To determine the 
need for purification of the surfactant and the effect 


of metal (expressed as iron) on the accelerated anti- 
oxidation test, the following experiment was con- 
ducted. A random sample of the fresh, ground rock- 
fish fillets was divided into 3 portions and individually 
mixed with the 3 diatomaceous silica products se- 
lected, in a mortar using the prescribed procedure. 
The products used were: Celite 319; Celite Analytical 
Filter-Aid; and the purified Celite Analytical Filter- 
Aid. The latter material was purified, as previously 
described, by treatment with acid. The iron content 
of Celite 319 was 1.0% -1.5%; of Celite Analytical 
Filter-Aid, 0.2% ; and the purified product contained 
less than 2 ppm (8, 18 

The samples were placed In One ounce screw-cap 
jars, after sifting through a 20-mesh nylon screen, and 
stored at 0° F for subsequent TBA determinations. 

Figure 1 shows the effect of purification and the 
correlation which exists between the removal of metals 
iron) on the autoxidation test. The need for puri- 
fication of the analytical grade Celite is demonstrated. 


ANALYTICAL FILTER 


PURIFIED ANALYTICAL 


Figure 1. The effect of purification of surfactant on the 
acceleiated autoxidation of frozen rockfish. 


This procedure could be used to study the catalytic 
oxidation action of metals, the pro-oxidant effect of 
hemoglobin, and the function of metal deactivators or 
synergists in frozen seafoods. 

Influence of temperature on the development of 
oxidative rancidity. Use of low temperature storage 
is recommended by technologists for the maintenance 
of good quality in frozen seafoods. They emphasized 
the importance of storing fishery products at 0° F or 
below and demonstrated that the necessity for low 
temperature storage increases as the length of the 
storage period is increased (20) 

Quality determinations for stored, frozen seafoods 
and the evaluation of treatment and processing vari- 
ables is often very difficult because of the wide pack- 
age-to-package variation that frequently occurs. 

The experiment described below demonstrates, in a 
short time, the effect of storage temperature on the 
development of oxidative rancidity in frozen fish. 

Fresh rockfish fillets were purchased from a local 
source for this experiment. A random sample was 
obtained and mixed with purified Celite as previously 
described. Fish-Celite samples were weighed into 1 oz 
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serew-cap glass jars for storage at 0°, 10°, and 20° F. 


Each jar contained approximately 1.5 g and served as 
an individual random sample for the TBA reaction. 
In Figure 2 the effect of storage temperatures on 
the rate of autoxidation of a surfactant-fish mixture is 
demonstrated. The rate of the oxidative reaction is 
approximately doubled for an 18° F rise in tempera- 
ture. This observation confirms the work reported by 


TBA NUMBER 


5 10 15 
STORAGE TIME — DAYS 

Figure 2. The effect of storage temperature on accelerated 
autoxidation of frozen fish. 


Lea (10). It seems apparent that by this accelerated 
procedure, it may be possible to evaluate storage 
variables and various additives in a matter of days. 
Previous experince has shown that weeks or even 
months would be necessary to achieve a similar state 
of oxidation with whole or even ground fillets. 

Effect of fluctuating temperatures on the autoxida- 
tion of seafoods, Pottinger (14) emphasized the need 
for keeping frozen seafoods at a constant storage tem- 
perature, pointing out that to achieve this ideal con- 
dition is difficult. He listed some of the factors that 
were responsible for causing temperature fluctuations : 
using storage rooms for freezing; overloading the re- 
frigeration equipment; power failure; equipment 
breakdowns; improper setting of control devices; 
transferring frozen products from one storage room 
to another; and transporting frozen products from 
producer to consumer. Considering the number of 
opportunities for the temperature to change, it is 
probable that some products undergo a series of 
fluctuations in temperature before reaching the 
consumer. 

The effect of several temperature fluctuations on the 
extent and rate of outoxidation was demonstrated by 
using this accelerated autoxidation procedure. Tem- 
perature fluctuations similar to those encountered in 
commercial handling were simulated by the following 
procedures: 36 one-pound cartons of commercially 
produced, fresh-frozen rockfish fillets were obtained 
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from a commercial producer. Initial TBA determi- 
nations were made and a similar sample was presented 
to a trained panel for organoleptic evaluation. The 
results in each case indicated a relatively fresh sam- 
ple. The remaining cartons were evenly divided into 
4 lots (Ox, 1x, 2x, and 3x). Lot Ox (control) was held 
at O° F. Lot 1x, 2x, and 3x were placed in a 35° F 
cool room and held for 12 hr, during which time the 
internal temperature of all fillets uniformly increased 
to a maximum of 29° F as recorded by a copper- 
constantin thermocouple. To assure stabilization of 
temperature, samples were rapidly cooled to 0° F and 
held at that temperature for 24 hr between each 
fluetuation period. Lot 1x was held at 0° F, lot 2x 
and 3x were returned to the cool room and subjected 
to another 12 hr fluctuation in temperature. After 
stabilization at 0° F lot 3x was given a third and final 
treatment. After this third fluctuation period, 2 car 
tons were randomly selected from each lot, ground 
and mixed with the purified diatomaceous silica as 
deseribed previously. Each lot was then stored in an 
8-0z, screw-cap, glass jar and held at 0° F for the 
accelerated oxidation test. Rancidity measurements 
were made at intervals by the TBA methods. 


TBA NUMBER 


3 FLUCTUATION PERIODS 
2 FLUCTUATION PERIODS 
FLUCTUATION PERIOD 

CONTROL 


5 16 
STORAGE TIME — DAYS, O*F 


Figure 3. The influence of temperature fluctuations on the 
accelerated autoxidation of frozen rockfish. 


The results (Figure 3) demonstrate the effect of 
fluctuations in storage temperature on the autoxida 
tion of fat. The degree of oxidative rancidity in 
creases with an increase in the number of fluctuation 
periods. This rapid increase in rate of autoxidation 
is in direct contrast with results shown in Table 1, 
where little change is seen in TBA numbers of com- 
mercial cartons from the same lots. It seems apparent 
that the accelerated autoxidation procedure can be 
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There is no surer way to decide whether an 
FMC “Sterilmatic’’* line is right for you than 
to ask leading food processors who are now 
using these continuous pressure cookers and 
coolers. 


Ask American Home Foods, Division of 


American Home Products Corp., for example. 
They installed their first “Sterilmatic” in 1946 
in their Chef-Boy-ar-Dee plant at Milton, Pa. 

During the years since then, they have spe- 
cified “Sterilmatic” three times —now have 7 
of these lines in the plant, turning out the 53 
foods they pack under the famous Chef's label. 


You will learn that “Sterilmatic” pioneered 
a new concept in food processing — one that 
invariably cuts processing time, assures uni- 
form quality, helps preserve natural color, 
flavor, texture and nutrients, and minimizes 
can damage. 

The list of “Sterilmatic’’ users reads like a 
Blue Book of food processors. Let their use- 
experience be your guide to better, more prof- 
itable food processing. 

A 16-page brochure, “The Sterilmatic Story,” 
gives full details and is yours for the asking. 
Write for it — today. 


*FMC “Sterilmatic’’ Continuous Pressure Cooker and Cooler— Trade Mark — Reg. U.S. Pat. Off 
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(Brominated Sesame Oil) 


i its uniform 
and stable! 


Today, more and more beverage and 
extract manufacturers rely on 
Bromvegol “S”’. .. Penick’s brand 
of brominated sesame oil . . 
to assure uniform flavor and 
appearance in their finished 
products. 


Bromvegol is remarkably stable and 
dependably uniform. Its specific 
gravity is carefully controlled 
between 1.326 and 1.334. 


Made from USP sesame oil, it contains 
no antioxidants. It is clear, odorless, 
and tasteless, with minimum acidity 
and no free bromine. 


Ample stocks are maintained at strategic 
locations and customers everywhere are assured 
prompt, personal service. For additional 
information, contact our nearest office 


Aromatics and Flavors Department 
$.8.PENICK & COMPANY © 100 CHURCH ST., NEW YORK 8 * 735 W. DIVISION ST., CHICAGO 10 


LOS ANGELES SAN FRANCISCO PORTLAND, ORE. 
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ACCELERATED OXIDATION METHOD FOR 


TABLE 1 
Autoxidative changes in commercial packaged frozen rockfish 
fillets subjected to fluctuations in storage temperature 


0 Day | 5 Days 20 Days 
Lat TBA 7 TBA 
No No 


Control 1.14 
1x. 


ix 


used to evaluate various processing variables in a very 
short time, not only in seafoods but in frozen vege- 
tables and precooked frozen foods. 

Influence of antioxidants on the accelerated autoxi- 
dation test. The need for antioxidants to protect 
frozen seafoods and thereby increase their storage 
stability has been the subject of considerable research 
and development (2, 3, 15, 18, 19). In spite of the 
advantages shown by the application of antioxidants 
to other foods, they have not received a very enthusi- 
astic reception by the fisheries industry. This lack of 
acceptance in spite of the great need, may be due in 
part to the difficulty of application and the costs 
involved. Sample variations and lengthy storage re- 
quirements often make a clear-cut evaluation of an 
antioxidant treatment a formidable task. 

The accelerated autoxidation procedure was used to 
demonstrate the effect of an antioxidant solution on 
frozen salmon. 

Fresh silver salmon steaks (Oncorhynchus kisutch ) 
were prepared in the same manner as the rockfish fil- 
lets, after carefully removing the skin and bones. The 
sample was divided, 100 g thoroughly mixed with 70 
mg of propylene glycol to serve as the control, the 
other half carefully mixed with 70 mg of the NDGA 
solution to yield a synergistic mixture of 0.007% 
NDGA, 0.014% BHA and 0.0042% citric acid concen- 
trations on a final weight basis. A 1:4 ratio of sam- 
ple to surfactant was used in this case, and mixed in 
a mortar under standardized conditions of time and 
temperature. Storage was in 1-0z serew-cap, glass 
jars at 0° F. 

The results (Figure 4), clearly demonstrate the 
effectiveness of the antioxidant solution used. It can 
also be noted that less than 30 days is needed to 


C. CONTROL 
ANTIOXIDANT 


38 
STORAGE TME DAYS, O*F 


Figure 4. The effect of an antioxidant on the accelerated 
autoxidation of frozen salmon. 
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evaluate the stabilizing effect of the antioxidant in- 
stead of the several months usually required. The 
high TBA number obtained for the rancid salmon 
tissue is apparently due to the high fat content and 
the highly unsaturated fats which are present. 

An accelerated autoxidation method for fats and 
oils. Evaluation of antioxidants. This experiment was 
designed to study the autoxidation of lard supported 
on purified Celite and the effect of the antioxidants, 
propyl gallate and quercetin on the stability of lard. 
These antioxidants, in a small amount of absolute 
aleohol, were added to lard to make a concentration of 
0.0005 M. The same amount of absolute alcohol was 
used in the control sample. The samples were kept in 
a constant temperature oven at 140° F. At intervals, 
a portion of the sample was removed for peroxide 
determination (1). The contents were stirred thor- 
oughly prior to sample removal. Celite did not inter- 
fere with the peroxide determination. 


PEROXIDE NUMBER 


44 216 360 
TimE (hours) of i22*F 


Figure 5. The effect of autoxidants on the accelerated 
autoxidation of lard. 


The results of this experiment are shown in Figure 
5. It ean be seen that 30 hr were required for the con- 
trol to reach a peroxide value of 125 me per 1000 g of 
sample (lard), which is the stability value according 
to the AOM procedure (1). Propyl gallate and quer- 
cetin reached this value after 153 and 317 hr, respec- 
tively. The order of greater stability of quercetin 
over propyl gallate is a reversal of results usually 
obtained by the AOM procedure. A possible explana- 
tion is that since mole concentrations of antioxidants 
were used, a greater amount of quercetin was present 
than propyl gallate. This factor does not entirely 
explain the superiority of quercetin over propyl gal- 
late. A possible additional explanation might be that 
the surfactant may contain sufficient iron to act as a 
pro-oxidant in lard. Quercetin, owing to its metal- 
chelating activity, may render the iron inactive and 
thereby extend the induction period. Confirmation of 
this observation is planned. 


SUMMARY 
An accelerated autoxidation procedure for frozen 
seafoods and fats and oils is presented. This method 
depends on the use of purified diatomaceous silica 
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(Celite) as a support for the material to be tested. 
The great increase in surface area that results permits 
autoxidation to proceed at an accelerated rate even at 
sub-freezing temperatures. 

The effect of temperature on the rate of autoxida- 
tion was determined as well as the effect of fluctuating 
temperatures on the storage of frozen seafoods. The 
application of this procedure to evaluate antioxidants 
is demonstrated. 

The proposed method is useful for the accelerated 
oxidation of fats and oils. The effect of the antioxi- 
dants, quercetin and propyl gallate on the stability of 
a lard substrate is shown by this method. The sur- 
factant, Celite, does not interfere with the peroxide 
or TBA methods for the determination of oxidative 
rancidity. 

The possible use of this accelerated autoxidation 
method for the accelerated storage of frozen vege- 
tables and other foods is suggested. 


ADDENDUM 


Dr. ©. H. Lea has advised us of the work by F. J. Honn, I. T. 
Bezman and B. F. Daubert entitled the ‘* Autoxidation of 
Drying Oils Absorbed on Porous Solids’’ published im the 
J. Am, Oil Chemists” Soc., 28, p. 129-133 (1951 This exeel 
lent paper, which was inadve rtently overlooked by us, deseribes 
the use of siliea gel as a dispersion medium for the autoxida 
tion of soybean oil. Rate studies and eritieal oil to media ratios 


were determined, 
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Equilibrium Relative Humidity (ERH) Relationships 
of Fruit Juice and Custard Powders 


Manuscript received April 18, 1960 


M, ASUREMENT OF Equilibrium Rela 


tive Humidity (the storage relative humidity at which 


a prodnet will neither gain nor lose in weight) is of 


considerable value in a study of the packaging be 
haviour of dehydrated foods, and particularly so in 
the case of hygroscopic materials. This value is influ- 
enced considerably by the original moisture content 
of the product itself. The humidity moisture equi- 
librium curve or the Sorption Isotherm depicts the 
equilibrium relationship between the moisture con 
tent of the product and the RH of the atmosphere 
immediately surrounding it. 

Various methods have been employed for the meas- 
urement of Equilibrium Relative Humidity (ERH 
These are based on measurement of water vapour 
pressure by manometer (1), direct measurement with 
9), mathematical formulae 
(3, 4), Wink’s weight equilibrium method (11) and 
Of these, 
the last two methods are quite simple to follow and 
The ERH data of some important 
fruit juice powders and custard powder, recently de 


electric hygrometer (4, 7, 
the graphical interpolation method (5, 6). 
give reliable data 


veloped in these laboratories, were determined by 
these two methods and are presented in this paper. 
ERH data for garlic powder has recently been re- 
ported from this laboratory by adopting a similar 


procedure (8) 


EXPERIMENTAL 
ange jul vowders and mango 

employed for studies 
powders were prepared bs 
vacuum shelf drying aecording to a process developed in our 
aboratories powder was prepared ripe 
Pachabale variety, using an atmospherie double drum drier. 
The dried flakes were powdered rough, sieved, and preserved in 
hermetically sealed tin Mango custard powder was prepared 
by atmospheri« | strained Badami mango pulp 
containing added corn starch, sugar and skim milk powder, and 
sodium bicarbonate to neutralise part of the acidity and bring 
the pH to 5.4-5.6. Thi lried product, which was powdered 
and sieved, w end ! used as a strained baby food 
after reconstitution into smooth paste with warm water or 
milk. The fruit juice powders as well as the custard powder 
were hygroscopic an were therefore packed in closed con 
tainers soon after preparation and used in the subsequent ex 
periments, The proximate composition of the produets is given 
in Table 1 

Moisture content. The moisture content of the sample was 
determined by drying a known weight of the material (3—4 g) 
for 6 hr at 70° C in a vacuum oven at 26 in vacuum. 

Equilibrium Relative Humidity value. This was determined 
by two methods: (a) graphical interpolation method and (b 
weight equilibrium method 

a) Graphical in polation method. One hundred gram lots 
of each of the fruit powders were conditioned to different 
moisture levels by exposing them for varying periods to high 
humidity. In the case of each powder, 5-gram lots were weighed 


into tared Petri dishes (dia 2 in), spread uniformly, and the 
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TABLE 1 


Proximate composition of fruit juice powders and 
custard powder 


Mango 

custard 

powder 
Mango 
tine) 


Orange 
Particulars y uice 


powder 


1.9 
¢ 
1 


shes pt rusicte it tors contain 


sulphurie acid solu 
a complete range of 
relative humidities ranging from 0 to 98% (5, 10). The desic- 


ke 
tions of different st 


cators were kept in the nee room at a temperature of 25° C, 


‘he dishes were end of 1 hr and the increase or 
sample noted. From these changes 

t sotherms were plotted and 

interseetion of the with the Zero base line was 


taken as the ERH 


values thus obtained, 1 ! tul quilibrium curve was drawn, 


particular sample. From the 
Typieal interpolatio otherm he ease of mango, mango 
istard and banana powders only are given in Figures 1, 2 
nd 3, 
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Figure 1. Graphical interpolation isotherms for mango 
powder (1 hr test period at 25° C) 
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days, to observe the changes in moisture uptake and also any 
adverse changes in the product such as ecaking, discolouration, 
60 mould growth, ete, and thus get an idea of the critieal point 
a and other storage characteristics of the product. When there 
> was no further loss or gain in weight of the product, the 
3 ae equilibrium moisture content of the product was caleulated 
z 
= 30 
z 
20 4 
25 16 
g 
Zeno Base Line 
8 
T HUMIDITY: 
z 
x 4 
20 
w w 
= 30 
Zz 15 yA 
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= 60 104 
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Figure 2. Graphical interpolation isotherms for mango 5 
custard powder (1 hr test period at 25°C). 
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Figure 3. Graphical interpolation isotherms for banana 
powder (1 hr test period at 25°C). 


(b) Wink’s weight equilibrium method. Five-gram lots of 
the powder were weighed into Petri dishes (dia 2 in), spread 
uniformly and exposed to different relative humidities, ranging 
from 0 to 98% at 25° C, inside desiccators containing sulphuric 
acid solutions of different strengths, or saturated solutions of 
different salts having definite relative humidities at 37° C (11). 
The gain or loss in weight of the sample was determined at the 
end of 1, 2, 3, 4, 5 and 6 hr and thereafter at intervals of 24 
hr up to 360 hr, with a view to determine the moisture equi- 
librium of the product at 25°C. In the ease of 37°C, the 
dishes were weighed at intervals of a fortnight up to 75-120 
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Figure 4. Humidity moisture equilibrium curves for mango 
custard powder, mango powder and banana powder by graphical 
interpolation and weight equilibrium methods (at 25° C). 

Graphical Interpolation Method: 1A-——-Mango Custard Powder; IVA 

Mango Powder; VA— Banana Powder 

Weight Equilibrium Method: IB—-Mango Custard Powder; IVB 
Mango Powder; VB-—Banana Powder 


EQUILIBRIUM MOISTURE CONTENTY 
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Figure 5. Humidity moisture equilibrium curves for mango, 
orange and guava powders and mango custard powder (at 
37° C). 

I—Mango Custard Powder; 11—Orange Juice Powder; I1I]—Guava 
Powder; I1V—-Mango Powder. 
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SOLVED HERE: TECHNICAL FLAVOR PROBLEMS 
FOR THE MANUFACTURING BAKERS OF AMERICA 


ONE OF THE MANY SERVICES rendered by our Experimental Food 
Laboratory has been the custom-handling of flavoring problems for 
some of the best known manufacturing bakers and cake mix pro- 
ducers in this country. Here, under skilled supervision, have been 
developed the practical flavor formulations from which these nation- 
ally known products derive their appealing good taste. Here, via 


FLAVORING SPECIALTIES 
for the BAKING INDUSTRY 


laboratory batch procedures, is done the pre-testing, paneling and bd 
grading of such formulations before their submission for customer- VANILLA FLAVORS 
approval. By this time-proven approach to the problem of producing MAPLE FLAVORS 
the desired taste effect for a given product, we are able to save the FRITZBRO® FLAVORS 


customer incalculable time and effort by narrowing down his own 

test program to a few already-proven-acceptable flavoring formula- c 
tions. We'd like an opportunity to demonstrate the advantages of eer 
this service to the larger baked goods manufacturers who might 
benefit thereby. 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 ———— 


7S NINTH AVENUE NEW YORK 11, N. Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, II!., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Cavada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 
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WE PUT THE COUPON at the top 
because it is more important than 
anything we can tell you about 
Tora Food—which is our Torula 
Yeast U.S.P. The coupon will bring 
you a free sample, so you can 

see for yourself how it improves 
your product. 


RED STAR YEAST & PRODUCTS CO. 
MILWAUKEE 1, WISCONSIN 


I'd like to find out how Tora Food can give my product better 
flavor and higher nutritional content—at low cost. Please send me 
a free sample for testing. 


NAME______ 
COMPANY _ 
ADDRESS. 


CciTY__ STATE 


— This coupon may give you an important 
Sales and product edge on competition! 


Here is a remarkable new ingredient which 
offers your product a strong nutritional 
boost and, in many cases, greatly improved 
flavor. 

Yet Tora Food is low in cost. The com- 
bination makes it worth careful attention— 
especially since competitive advantages are 
more and more important. 

The most important thing is to let us 
send you a complimentary sample for your 
own tests. In the meantime, here are a few 
relevant points about Red Star’s Tora Food: 
e Protein content is guaranteed to be more 

than 50°;. 

e This protein contains all the essential 
amino acids, including 6.7; of Lysine. 

e Sodium content is 0.0015‘. 

e Tora Food itself has a bland flavor, with 


TORA FOOD 


no bitterness. In general, it intensifies 
flavor. 
e It is a rich source of vitamin B complex. 
e Torula is a primary product, specially 
grown for food under rigidly controlled 
conditions. 
e It is excellent as a carrier of flavors. 
e Even in the smaller quantities, the cost is 
substantially lower than Brewer’s yeast. 
Present uses for Tora Food include baby 
foods, snack foods, crackers, cookies, cereals, 
breads, dietary foods, seasonings. 
Actually, we don’t yet know all the pos- 
sible uses—new ones are coming up every 
week. One of the best may be in one of your 
products, so how about sending in the cou- 
pon now, while it’s handy. There’s abso- 
lutely no obligation, of course. 


by Red Star 


Yeast & Products Co. 


MILWAUKEE 1, WISCONSIN 
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ERH RELATIONSHIPS OF FRUIT JUICE AND CUSTARD POWDERS 


TABLE 2 
ERH for mango powder (0.64% moisture) 


At room temperature (25° C) At 


Graphical interpolation Weight equilibrium Weight eaui 
method method 


Equilibrium Equilibrium Equilibrium 
moisture , moistu re moisture 
content content content 
% t 
0.64 36.5 ( 0.0 Produ 
colour 
Product 
colour 
Product 
colour 
Product 
colour 


Product 


rved. Colour had 
after 58 days 


which was brownish 


in colour 


from the data, making use of the original moisture content of 

the sample taken and the amount of moisture gained or lost 

during equilibration. The moisture equilibrium curves were TABLE 3 
then drawn. On these curves, the initial point (1), the dange1 ERH for banana powder (2.75‘; moisture) 

point (D) and the eritical point (C) were marked (Figure 5 

The initial point represents the moisture content and the ERH 

of the product as prepared, and the critical point is the stage - : 

at which the product just becomes lumpy A point, which is of ‘ Ss iam Weight equilibrium method 
5% lower RH, is designated as the Danger Point. The portion ; rey 

of the curve between the two points D and C is generally arbi aaa tH : 1 ‘ RI Remarks 
trarily defined as the safety range (SR) (6). The portion of 

the curve between the points I and D may be defined as the 

safety margin (SM) as a helpful guide in the packaging of 75 o ) Free-flowing; light 
the material. It is desirable that the package adopted should a nee 
not permit the product to reach this danger point, so that ther 

may be a safe margin of error. From these considerations the 

fruit juice powders are highly hyroseopie and require stringent 

packaging conditions. 


RESULTS AND DISCUSSION 


Data regarding the ERH for mango, banana, and =e pias after 
days 


mango custard powders by the graphical interpolation 
method and also by the weight equilibrium method at 


TABLE 4 


ERH for mang ocustard powder (0.94; moisture) 


Graph 


Equilibrium quilib Equilibrium 
content conte content 


yellow colour 
yellow colour 
yellow colour 


ige yellow colour 
not afte 
Product had faded in e ki is observed 
Product was slightly whish it yu ind cake formation was 
bserved 


Product had faded ir out “here wa ike formation 


Produc was brow nd ik lould appea after 30 days. 


Product was brown and cak fould ; ared after 20 days 


Product was browr ky. M 1 appeared after 8 days 
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Remarks 
as good and free-flowing Yello colour No change in an 
; as good and free-fi ng Yello olour No change in 7 
as good and f flowing. Yellov olour No change in ‘ 7 
: 
as Zoot nd free-flowing Yello olour No change in 
2.9 78 f t was good and free-fk ng elle olour No change in 
colour 
0.81 50,0 1.08 93.7 Product was goo¢ nd free-fl ing Ye our No change in a 
colour 
1.30 60.0 1.79 61.8 Product had faded ir ir and as slightly sticks 
) 70.0 4.13 75.1 Product was m¢ und formation was obs b> 
6.82 80.0 17.94 79.1 Product was moist and had turned ld 29 
in coleur. Me i appeared afte la Ca 
: 0.0 14.35 91.1 Product had turned ir iquid vas brownish = 
F Mould growth ay red after 10 days ee 
ay 
> 
14 
| A 70 
26.89 80.0 
fi At room temperature (25° C) At 37° ¢ 
4 
: GB ical interpolatior Weight equilibrium 
1.87 12.5 24 0.0 1.50 ).0 Product was good 1 free-flowing. Origiz range 
ix 2.89 15.0 1.11 10.0 1.32 10.0 Product was good i free-flowing. Origina snge if 
Colour not affected 
4.37 27 2-10 0.0 20.4 Product was good and free-flowing. Original orangs 
( 
7.88 38.5 1.13 10.0 11.9 
8.56 41.5 6.40 10.0 4.75 40.2 a 
9.40 0.0 7.31 53.7 
11.59 3.5 
12.90 60.0 9.60 61.8 
14.60 61.5 17.60 70.0 18.04 75.1 eee 
5.2 80.0 23.47 79.1 _ Td 
95.0* 
4 * After 8 days, mould growth 7 
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25° C as well as at 37° C are given in Tables 2, 3, and 
4, respectively. It will be seen from Figure 4, giving 
typical curves at 25° C for mango, mango custard, 
and banana powders, that the weight equilibrium 
method gives more precise data than the graphical 
interpolation method. The two methods, however, 
give fairly similar isotherms except in the case of 
banana powder, indicating thereby the possibility of 
utilizing the quicker graphical method for the de- 
termination of the approximate ERH of the products. 
In the case of banana powder the isotherm by the 
graphical method differs significantly from that by the 
weight equilibrium method. The difficulty experienced 
in determining accurately the moisture content of the 
banana powder which had been prepared from pure 
pulp of the ripe fruit, may be partly responsible for 
the seatter in the values for moisture content of the 
powder in the graphical interpolation method. The 
condition of the powder during prolonged storage in 
regard to lumpiness, caking, mould growth, ete, is 
recorded in the remarks column. It will be seen from 
Figure 5 that the humidity moisture equilibrium 
curves for guava and mango powders are very similar, 
whereas the curves for orange juice and mango cus- 
tard powders are significantly different from these 
and from each other. There is a wide variation as 
regards the range of ERH in relation to increase in 
moisture content in the case of the 4 powders. Thus 
mango and guava powders pass through a much wider 
span of ERIEL’s before their moisture content increases 
by even 1-27, than orange juice powder and mango 
custard powder. Mango custard powder undergoes a 
significant increase in moisture content along with the 
increase in ERII. The inerease in moisture content 
above 50% RII is steep in the case of all the 4 prod 
ucts, thus bringing them into the category of hygro- 
scopie substances. Data regarding the initial, critical, 
and danger points for moisture content and RH for 
the 4 products are summarised in Table 5. The con- 
dition of the product at various moisture levels is 
deseribed briefly in the remarks column. 


It will be seen that the packaging of mango, guava 


and mango custard powders is a comparatively easier 
problem than that of orange juice powder on account 
of the much wider safety margin in their ease (4, 10 
and 14% RH as against 1% RH). It may, however, 
be possible to inerease the safe margin for orange 
juice powder also by reducing its initial moisture con- 
tent to a slight degree. 

In the case of all the products except mango cus 
tard powder, there was visible cake formation even 
in the range of 2.3-2.8% moisture level. The high 
moisture level of 4.4 for eaking in the case of mango 
custard powder may be attributed to additives like 
starch and skim milk powder. There was mould 
erowth when the RH was greater than 80 to 85% 
It is to be seen to what extent these storage characters 
will be affected by packing the products in containers 
like polyethylene bags, ete. Work on this aspect of the 


problem is in progress. 


SUMMARY 


The data for fruit powders and fruit custard pow 
der show that the graphical interpolation method, 
which is much quicker than the weight equilibrium 
method, can be employed for the quick and approxi 
mate determination of their ERH. The latter method, 
however, gives more precise data and also detailed 
information regarding the storage behaviour of the 
product in relation to danger and critical points and 
safe margin, especially when products undergo visible 
changes in colour, texture, ete. 

Mango and guava powders have almost similar 
moisture equilibrium curves, while orange juice and 
mango custard powders have curves that differ signifi 
cantly from these and also from each other. The fruit 
juice powders and custard powder vary widely as 
regards the range of ERH in relation to uptake of 
moisture, mango and guava powders passing through 
a wider span of ERH than orange juice and mango 
custard powders. 

Mango and guava powders and mango custard 
powder have a wider safety margin (4, 10, and 14% 


Table 5 


Initial, critical and danger points for moisture content and relative humidity for fruit powders (at 37° C) 


Initial point (1) Danger point (D) 


Product Moisture | RH | Moisture | RH 
% % 
Mango Custa I der. I 2 13.0 4.2 27.0 
Orange Juice Powde 1.0 0.0 
Guava Powder. III 1.1 17.0 1.7 57.0 
Mango Powder 1\ 1.4 58.0 1.8 62.0 
tanana Powd: \ 
Complete data not available 


Critical point (C) 


Remarks 


Moisture 


Moisture RH content of Condition of the product 
product 
1 0 4.4 Free flowing. Colour not affected 
4.7 Cake formation. Colour dull 
7.3 Cake formation. Product brownish in 
colour. 
9.6 Cake formatior Product deep brown it 
colour 
18.0 Mould growth. 
< $5.0 2.8 Cake formation 
4.6 Caking. Product dark brown in colour 
73 Caking. Product deep dark brown in 
colour. 
20.0 Mould appeared 
3 62.0 2.3 Cake formation. Colour normal 
2.5 Cake formation. Product brown in 
colour 
a8 Mould growth. 
67.0 2.5 Cake formation 
4.1 Mould growth. 
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RH) than orange juice powder (1% RH) and there- 
fore present a less critical packaging problem. All 
the products have a tendeney to develop mould 
growth, when the RH of the storage atmosphere ex- 
ceeds about 80%. 

Lumping and caking were observed in the range of 
2.3-2.8% moisture level in the case of guava, mango, 
and orange juice powders and at 4.4% level in the 
ease of mango custard powder. This increase in mois- 
ture level in the case of mango custard powder may be 
attributed to the additives like skim milk powder and 
starch. 
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Objectives of the QM Food and Container Institute for the 
Armed Forces Radiation Research Program’ 


Tus SYMPOSIUM” primarily 
concerned with the microbiological aspects of food 
irradiation. There is no need to tell this group that 
it is one thing to apply ionizing radiations to inert 
matter and quite another to turn its invisible powers 
against living organisms. In the latter instance, we 
must assume a bio-physico-chemical structure that is 
able to compensate for disturbing effects 

The Radiation Preservation of Food Program is 
now in its seventh vear. Fundamental objectives of 

"Approved for release by the Department of Defense and 
registered as No. 2011 in the series of articles reporting the 
work of the Quartermaster Food and Container Institute for 
the Armed Forces, QM Research and Engineering Command, 

» Presented at the Symposium on the Radiation Preserva 
tion of Food, Twentieth Annual Meeting of the Institute of 
Food Technologists, May 18, 1960, San Franeiseo, California. 


the broad program are, essentially, the same today as 
when formulated early in the program. In leading 
up to the microbiological aspects of food irradiation, 
it seems worthwhile to dwell briefiy on the objectives 
of the whole program A number of these objectives 
are reflected in our microbiological objectives. Here 
then are the over-all objectives in food irradiation. 

1. To investigate the possibilities of preserving 
foods by ionizing radiation. 

2. To establish a reservoir of basie scientifie infor- 
mation for future improvement of radiation processed 
foods. 

3. To advance the technology of food radiation 
processing and to better understand the fundamentals 
involved 
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4. To investigate the possibilities of furnishing ra- 
tion components, sterilized by ionizing radiation, to 
troops in the field. 

5. The establishment of the wholesomeness of ir- 
radiated food. 


The possibility of sterilizing foods ‘‘in the cold’’ 
offered—and_ still does—a challenge to those in- 
terested in food preservation. ‘‘Cold’’ sterilization 
offers impressive advantages. If microorganisms can 
be killed by ionizing radiation and spoilage prevented, 
then an improvement in quality, flavor and texture 
can be realized in items that ordinarily suffer de- 
terioration through other means of processing. Pre- 
liminary experimentation showed the feasibility of 
preserving foods by ionizing radiation. These same 
experiments, however, pointed out the obstinate fact 
that radiation is detrimental to the quality of some 
foods. The nature of this detrimental effect was well 
enough defined to indicate specific lines of research. 
It was possible to articulate a set of research tasks 
directed toward the basic factors involved in such 
other deficiencies. Basie research was started on the 
changes in flavor, color and texture of foods treated 
with ionizing radiation, the effect on food enzymes, 
the wholesomeness of foods so treated, the measure 
ment of radiation dose, and, in the area of our interest 
at this meeting, basic and practicable research in the 
field of microbiology 


OBJECTIVES OF THE MICROBIOLOGICAL 
SECTION OF THE PROGRAM 


Microbiology extends into a broad area but essen- 
tially we are dealing, with respect to radiation, with 
three specifics : 


1. With the interrelationships of radiation dose 
and the killing of microorganisms. 

2. With the condition and quality of raw food 
products treated. 

3. With the actual mechanisms of the killing of the 
microorganisms involved. 


| shall now endeavor to point out the objectives of 
the microbiology section of the radiation preservation 
of food program in its interrelated form. 

One of the first objectives is to determine the ways 
and means of destroying microorganisms that cause 
food spoilage and/or those of public health signifi- 
cance. Accomplishment of such an objective is not as 
easy as it sounds, for as in other means of food preser- 
vation, the destruction of microorganisms in foods is 
dependent upon the influence of the substrate, tem- 
perature, pH, quality and type of food, ete., as well as 
the species, numbers and condition of the micro- 
organisms themselves. You will agree, I am sure, on 
the complexity of these problems and the diffieulty of 
demonstrating the precise influence of any one of 
these factors, let alone their interrelationships. 

Therefore, before this objective can be gained many 
facets of the basie research involved must be explored. 
It will be neeessary to study the physiology of the 
microorganisms of interest to determine their sensi- 
tivities to ionizing radiation under a wide variety of 
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circumstances. The effect of radiation on the bio- 
chemistry of bacterial cells and of spores must be ex- 
plored. Although there are answers in certain areas 
regarding cells and spores, the introduction of the 
radiation variable requires that additional studies be 
made and in a new light. 

In the processing of food by thermal energy, it is 
found that several of the organisms responsible for 
food spoilage are more resistant to heat than is 
Clostridium botulinum. proeessing food by 
ionizing radiation, the reverse is true. Sinee Clos- 
tridium botulinum is of profound public health sig- 
nificance, it follows that the destruction of this or- 
ganism is of primary concern. Permit me to empha 
size that point. Research on the processing of food 
by radiation must be based on the problems presented 
by the organisms of this species. Specifically, studies 
must be, and will be, undertaken to establish the 
radio-resistance of the various types and strains of 
Cl. botulinum—this in order to establish a definitive 
sterility reference for processing by ionizing energy. 
In order to complete these studies, it will be necessary 
to observe cultures at all stages of development, the 
nutrition and physiology of cell growth, spore forma- 
tion, and spore germination. 

Some of these factors may hold the key to more 
effective killing of the organisms and the consequent 
establishment of lower radiation doses. 

Radiation dose level. This leads to another of the 
objectives of the program, the establishment of a radi 
ation dose level at which the safety of food products is 
assured and also their quality. Thermal processing 
times and temperatures are based upon long experience 
in the canning industry. Basie information has been 
accumulated through many researches involving the 
processing of millions of cans of product, making it 
possible to ealeulate processes and to establish the 
‘‘eook’’ necessary to establish safety and keeping 
quality. Since almost no information has been avail 
able in the area of preservation by radiation, no such 
precise values can be established. It is true that some 
work on the mathematics of radiation sterilization has 
been done but, by and large, it has been necessary to 
draw upon the knowledge available in the canning 
industry to shape up a concept of safety. Thus, a 
value of 4.46 megarads of dose has been calculated, 
using the 12D concept of the canning industry, as the 
level necessary to establish safety in non-acid food 
products. To many workers in the field, this dose 
seems too high. However, at the present time, we 
simply do not have the data on which to base a recom- 
mendation for reduction. 

It will be necessary to devise new techniques and 
experimental designs specifically caleulated to obtain 
radiation data comparable to those available for ther 
mal processing. Such new techniques would involve 
the employment of methods which alter the suscepti- 
bility of the microorganisms to the radiation. The 
hope is to find ways and means of changing the en- 
vironment of microorganisms from a good one to a 
bad one. Such methods, as changes in pH, electrolyte 
content, moisture, soluble solids, and pretreatment of 
raw materials, must be thoroughly investigated; as 
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® low sweetness 

® soluble, uniform 

® free flowing, anti-caking aid 
flavor-enhancing 


® pigment-absorbing 


valuable nutritional properties 


crystallization contro! 
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MOST-VERSATILE SUGAR KNOWN 


Foremost 
Lactose is an amazing sugar with unlimited uses. It can improve your oe 


present products and help you develop new ones. It can lower your <* b 
costs, simplify your processing. New uses are being discovered for it > “lactose ‘: 
every day. 

icle sizes required for various food applications. Strict chemical and CONDENSING ¢ 
bacteriological specifications and a rigid quality control program assure COMPANY 7 
highest quality. = 
Take a fresh look at the characteristics of Lactose. One of them may Appleton, Wisconsin & 
help solve the problem you are working on right now. For free samples World's Largest Producer Bes 

and information, write our Technical Service, Department 24J. (Tell of Lactose-Pure Milk Sugar 
us the applications you are considering.) - 


Distributed Nationally by Chemical Department, McKESSON & ROBBINS, INC. 
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WATER STILLS 
Capacities from 4 to 500 gal. /hr. 
Steam, Electric or Gas Heat. 


STERILIZERS 

Pressure Steam, Gas-Steam, 

and Gas, Chambers 16” x 16” x 24” 
to 60” x 66”x 120”. 


MICROBIOLOGICA 
EQUIPMENT 


and you have to talk 
BIOGEN Continuous culture apparatus to A mervcan S ter 


For batch or continuous culture of pure @ Here at Amsco, sterilization is still of prime 
microorganisms in controlled conditions. concern. However, to parallel the great strides of 
modern biological technology, we've developed a 
number of highly specialized microbiological 
devices—all designed to do their job better with 
less personnel time and attention and at a cost 
— well within practical limits. 
Flexible fim chamber. If you've a problem in this area, a letter to our 
Efficient, economical, Scientific and Industrial Department may lead 
easy to work with. to its economical resolution. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


FREEZE DRY APPARATUS STE 
Laboratory, pilot plant and 
production models. Used for the 
preservation and concentration World's largest designer and manufacturer of Sterilizers, 
of labile substances. Operating Tables, Lights and related biological equipment 


ERTE*PENNSYLVANIA 


GERM FREE LIFE APPARATUS 
Complete service, including 
flexible operating, 

rearing and transfer chamber. 
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OBJECTIVES OF THE QMC RADIATION RESEARCH PROGRAM 539 


well as employment of combination treatments, such 
as heat, antibiotics, germicides, bacterial inhibitors or 
activators of spore germination. These procedures 
offer considerable promise of assisting in lowering the 
necessary radiation dose. Some work along these lines 
has been accomplished or is presently underway, but 
much is vet to be done. 

If the radiation dose necessary for safety is found 
to be less than 4.46 megarads, a bonus of better 
quality-processed foods can be realized. High doses 
of radiation bring about quality deterioration, espe- 
cially in color, flavor and texture; such deterioration 
is less at lower doses. Many workers have found no 
spoilage or toxin production at radiation doses below 
4.46 megarads but it remains for carefully planned 
research to establish scientifically, the killing dose 
necessary for safety from the possible toxin pro- 
duction by Cl. botulinum. 

This naturally leads to the next objective: devising 
dosimetry methods to confirm or validate the estab- 
lished dose. In other words, reliable methods assure 
reliable answers. When the program started, there 
were no methods available for measuring high doses 
of radiation accurately. It was necessary to develop 
dosimeters and dose measurement techniques before 
reliable dose measurements could be made. There was 
no assurance that a programmed dose was actually 
being received. Accuracy of dose measurement is 
essential to radiation research on the killing of micro- 
organisms. The accurate measurement of absorbed 
radiation dose is just as essential as the measurement 
of heat absorption in thermal processing. Chemical 
dosimetry methods are available for measurements 
but they are time-consuming, costly, and the results 
eannot be read continuously or in the very short time 
intervals permitted when radiation processing is 
underway. 

Constant monitoring required. It will be necessary 
to develop a means of constantly monitoring radiation 
doses, especially when an electron accelerator is used, 
so that a container that has not received the full 
required dose throughout its contents may be identi- 
fied. Gamma fields that are uniform in dose distribu- 
tion need only be monitored at intervals, but electron 
beams will have to be monitored at microsecond inter 
vals due to the way the dose is delivered. You ean 
readily see that dosimetry is an intriguing field of 
study. Until there are rapid and accurate methods 
of determining the radiation dose absorbed, there 
cannot be assurance of the safety of the food pack, 
The assurances of heat sterilization are pretty well 
worked out. The assurances in the field of radiation 
sterilization are in the early stages, but we are making 
headway in the development of radiation measuring 
instruments comparable to the thermometer. 

This leads us to the next objective: to develop 
fundamental information on the biological effect of 
various types of radiation sources and the manner 
in which such doses are delivered. From a theoretical 
standpoint, the absorption of identical amounts of 
radiation energy from each type of souree should 


produce the same biological effect. Also, the delivery 


of the total dose in increments should not alter the 
biological effect. However, there have been reports 
that differences in 
These have been sufficiently frequent to make it neces- 


biological effects have been noted. 


sary to resolve this point. Research must be done 
under a very carefully planned program to determine 
whether in truth there are differences due to type of 
source, manner of delivering the energy, or in de- 
livering a fractionated dose. These results will have 
to be weighed against the possibilities that such 
reports have resulted from insufficiently considered 
differences in experimental conditions, accuracy of 
dose measurement, effect of substrate, difference in 
time intervals and other factors which were inde- 
pendent of the energy being absorbed and which may 
have given rise to such anomolies. Once again, may I 
reiterate that we are in an area where we are dealing 
with live organisms—and that means that any form 
of energy put into these organisms, any change in the 
environment, any disturbance whatsoever must be 
studied for its significance. 

The establishment of microbiological safety of ir- 
radiated foods is an objective that cannot be over- 
looked. Therefore, the de velopment of test procedures 
to establish safety must be made. The mere designa- 
tion of processing equirements believed to render 
the produ ‘t safe and c¢o1 mercially sterile is not suffi- 
cient. In the food processing industry, several pro- 


cedures are 1n US¢é oO detect potential spoilage of a 


pack, Since Cl. botulinum survives radiation doses 


lethal to most spoilage organisms, conventional 


methods will not apply and a new type of testing will 
have to be devised. This could involve the use of 
samples of the product inoculated with a non- 
pathogenic microorganism of a higher radioresistance 
than Cl. botulinum or a very rapid, accurate and in- 
expensive method for detection of botulinum toxin. 
The development of such methods would permit 
monitoring the processing of food through a statistical 
sampling procedurt 

Enzyme-inactivation. Enzymes play important roles 


in food preservatiol This brings up another objec- 


tive—to better understand the enzyme systems of the 
plant and animal food materials, and the enzyme 
systems of the microorganisms present in order 
to control quality deterioration. Most enzymes are 
more radio-resistant than tissue systems, and there- 
fore may not be inactivated by the ionizing radi- 
ation treatment. We know that residual enzymes can 
cause food deterioration. In cases where the food is 
cooked or properly enzyme-inactivated, this is not a 
problem; but in unblanched products or fresh prod- 
ucts, irradiated to reduce spoilage, it could be a 
problem. It is entirely possible that a treatment to 
block or inhibit the enzyme systems of bacteria may 
be found. Such a breakthrough could render the bae- 
teria incapable of multiplying and causing damage. 
Also, such treatment could block the activity of 
residual enzymes in killed cells. It is not unreasonable 
to expect that within the frame of safety and whole- 
someness, a lethal disturbance that will upset the 
mechanism of the enzyme systems of bacteria can be 
found, 
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Packaging of irradiated foods. We come now to 
packaging. The objective here is to develop a satisfac- 
tory flexible packaging material that will prevent re- 
contamination of food material even under conditions 
of rough handling and long-term storage. Certain 
packaging materials show marked promise for irradi- 
ated foods but possess certain limitations. In addition 
to the effect of radiation on the packaging material, 
any creasing, folding, scratching or breaks caused by 
rough handling render many films unsatisfactory 
from a bacteriological point of view. It becomes 
necessary in fact to laminate two or more films to 
assure that a package can be made that is impervious 
to microorganisms. From a logistic point of view, 
flexible containers meet many needs such as being 
lightweight, packing and carrying easily, having mini- 
mum residual material after contents are used, lower 
over-all cost, ete. There is need to find tougher films 
that will withstand rough handling at all stages in the 
supply line and still prevent the re-entry of micro- 
organisms into a sterile package. 

Although the main interest of the Military lies in 
using ionizing radiation to accomplish sterility of 
foods and thus providing a product that can be 
shipped overseas and stored without refrigeration, 
there is also, for logistic reasons, an interest in low 
dose radiation of certain foods. Low dose radiation 
of these foods would permit delivery of fresh ma- 
terials to overseas bases in better condition than by 
another means. This too is an objective—although at 
this time of lesser interest than the field of sterile 
foods. 


THE PRESENT OUTLOOK 


Certain raw products can be shipped without re- 
frigeration today to troops in overseas bases or in the 
field. Hlowever, some deterioration takes place, espe- 
cially that effected by rotting and molding. If these 
deteriorative agents can be markedly reduced by low- 
level radiation, much waste can be prevented and the 
process will serve a genuine purpose. It is disappoint- 
ing, to say the least, to spend shipping space and 
weight on food that is never eaten. A means of ex- 


tending the shelf or shipping life of these products 
could provide a means of getting nutritionally valu- 
able foods into areas where they cannot be sent at 
present. This would be particularly valuable in over- 
seas regions where, in peacetime, some refrigeration is 
available. The interest in this phase of the program 
is keen but there is need for research to determine the 
precise extent to which the shelf life of fresh items 
can be extended by this means for the benefit of the 
Armed Forces. In other words, none of our research 
is done outside the common sense reasoning of the 
logisticians. 

Several objectives of the Radiation Preservation of 
Food Research Program have been outlined and dis 
cussed with you. The Military Program does not 
presently embrace all of these areas nor is it con 
templated that work will be undertaken in all of them 
in the near future. It has been my purpose to point 
out those areas in which there are definite problems 
to be solved—problems that can be expected, with 
considerable assurance, to yield to this new processing 
method. As time goes on and some of the problems 
are solved, it will be desirable to move in on the lesser 
problems. 

We have developed in the few years that we have 
been at work on radiation preservation, some in 
genious methods of attack and the solution to some 
problems. We are building up a reservoir of basic 
information that we can eventually tap for use in an 
ionizing radiation process. More data are needed in 
the reservoir to be assured of a steady and powerful 
flow. Our objectives, as I trust have been shown, are 
designed to bring in more basie data and to eventually 
lead to the solution of some of the food processing 
problems involved in the use of ionizing radiation. 

Harry E. Goresiine 

Deputy Scientifie Director 

QM Food and Container 
Institute for the Armed 
Forces, 


Chicago, Illinois 


May 10, 1960 
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FLO-SWEET CANE/CSU...comogenized too! 


Far more than just mixtures of “cane and corn,” Flo-Sweet Cane/CSU blends ' 
comprise a whole new family of top quality sweetening agents. Comogenized SUCROSE OR INVERT 
for utmost uniformity, they open up vast new fields for food manufacturers who PLUS “GLOBE” CORN SYRUP 

want the combined characteristics of cane and corn syrups, yet insist on the ) 


Flo-Sweet Cane/CSU, refinery como- 


standards of quality for which Flo-Sweet liquid sugars have become famous. genized, is available in these stand- 
ard blends: 
Available with either sucrose or invert base, Flo-Sweet Cane/CSU comogen- Sia Csu 
ized blends are just a few of the numerous new Flo-Sweet sugars developed 90% 10% 
: to give you a combination of characteristics never before available. To find 85 15 
out how these versatile sweetening agents can best fit into your own new food 80 20 
products development program, consult your Flo-Sweet Engineer or write bi od 
for the brochure “New Ingredients for New and Improved Food Products.” suvers tas 
It tells all about four new Flo-Sweet liquid sugars! : - 
REFINED SYRUPS & SUGARS, INC. 
YONKERS, NEW YORK 
SERVING INDUSTRIAL SUGAR USERS EXCLUSIVELY FIRST IN LIQUID SUGAR 
FROM YONKERS, ALLENTOWN, DETROIT, TOLEDO es 
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who make and sell 

Myvax® Vitamin A, 

the finest vitamin A 

a margarine maker can buy, 
in a nice, clean plant 


by scientific methods 


... that's us 


Distintation Propucts InpustRrics 


is a division of 


Eastman Konak ComPANy 


What more is there to say? 
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Food additives Food container components 


Problems relating to the extractability of food container 
components. L. E. Schniepp, H. O. Etian, and J. M. 
Jackson. 


Under present circumstances, it is possible to say that the 
organic chemical ingredients now in use in the manufac- 
ture of food containers either do not contribute additives 
or the use is in compliance with established regulations. 
It is believed that the container industry has a sufficiently 
broad background of experience with various materials 
and test procedures to handle the problems relating to 
new materials and to assure continued compliance with 
the Food Additives Amendment of 1958. (See page 496). 


Food additives Biological screening 
techniques 


Biological screening techniques for food additives. Mar- 
garet Ives and Edythe M. Nagler. 


The biological sereening method for toxicity described 
here is useful for eliminating from consideration as food 
additives materials which are grossly toxic. A material 
which appears toxic in this test will be toxic at lower 
levels in a chronic two-year test. It does not follow, how- 
ever, that a material which is non-toxic in a 90-day sub- 
acute test will be non-toxic on a two-year feeding study. 
If the material passes this sereening test and still shows 
promise from the technological standpoint, a two-year 
test will be required to obtain information for a petition 
under the Food Law Amendment. In the tests used as 
| examples in this paper, only materials of unknown bio- 
| logieal activity were considered. Before embarking on any 
biological testing, it is always advisable to do a literature 
search to determine what information is already available 
and plan the experiment from that information. (See 
page 499). 


Food additives Food colors 


Food colors—their status under the law. Arthur T. 
Schramm. 


The viewpoint of the color industry with regard to the 
so-called Delaney cancer clause of H. R. 7624 [Section 
706 (b) (5) (B)]. 82197 is also diseussed. The color 
industry would prefer to leave it to the Secretary of the 
Department of Health, Education, and Welfare to deal 
with carcinogenic manifestations but would not object to 
a provision giving the Secretary discretionary rather than 
mandatory authority. (See page 503). 


Food additives Antibiotic 


Antibiotic preservation of beef with subsequent feeding 
to experimental animals. R. B. Sleeth, J. C. Armstrong, 
H. 8S. Goldberg, and H. D. Naumann. 


Raw and cooked meat containing low levels of OTC, when 
fed over a period of 16 weeks, did not cause any detectable 
residual in bloed serum, heart, kidney or muscle of rats. 
Apparently, no significant changes occurred in the gut 
flora of rats following low-level exposure to OTC for 16 
weeks. On the basis of this study, the potential health 
hazard of the consumption of meat containing low levels 
of OTC would appear to be small. (See page 505). 
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Try this texture trick 


Pour '4 cup of plain, dry farina and a teaspoonful of salt 
into 3 cups of boiling water and cook until done. To 
another '% cup of the same dry farina, add 3% of My- 
verol” Distilled Monoglycerides, Type 18-07, little white 
beads closely resembling the farina itself in appearance. 
Write us for a free sample.) Pour thar with its teaspoon- 
ful of salt into 3 cups of water, not boiling but at any 
temperature below 140 F. Then boil shat until done. 
Now set both pans aside for a few hours. Keep them 
both warm or let them both cool. It doesn’t matter. 
Come back and note which panful has turned into a 
jellylike mass and which still looks and behaves as it did 


at the moment the cooking was finished. See if you can 
You can’t 

The difference is that the monoglyceride has complexed 
dissolved amylose and has thereby prevented gelation. 
The effect works with any starchy food.* We demon- 
strate with farina just because it photographs well! 

Write for your sample of Myverol Distilled Mono- 
elycerides, Type 18-07, to Distillation Products Industries, 
Rochester >. N. Y. Sales offices: New York and Chicago 
¢ W. M. Gillies, Inc., West Coast * Charles Albert Smith 
Limited, Montreal and Toronto 


taste a difference 


f edible fats or oils and 
ficially recognized as safe, Myverol Distilled Monoglycer- 


*Being made by glycer 


ides are exempt from tiie Food Additives Amendment 


distillers of monoglycerides 
made from natural fats and oils 


Also ... vitamin A in bulk 
A for foods and pharmaceuticals 


Distillaticn Products Industries isc division o¢ Eastman Kodak Company 
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one Source for 


y? 
What do dieters and growing young- 
sters have in common? .. . Mostly, 
their need for extra amounts of high- 
quality protein, without correspond- 
ing increases in food intake. 


Sheftenes are 90% protein, with an 
essential amino acid balance like that 
of milk, from which they are derived. 
As concentrates, they provide not 
only higher protein quality but greater 
protein yield as well... which makes 
them ideal for infant, dietary and 
geriatric preparations. 


Shettene Calcium Caseinate is a low- 
in-sodium, water-dispersible powder 
recognized as an abundant, economi- 
cal source of lysine. 


Sheftene Sodium Caseinate, soluble, 
is an ideal dietary nutritive. Also ex- 
cellent as an emulsifier for fat in 
processed meats, and as a stabilizer 
in milk-shake bases, low-calorie ice 
creams, etc. 


Free samples and data available .. . 
also technical assistance if needed. 
Write Dept. FT-1060. 


HEFPFIELD CHEMICAL 
Norwich, N.Y. 
4 DIVISION OF NATIONAL DAIRY PRODUCTS CORPORATION 


Western U.S. distribution through 
BRAUN-KNECHT-HEIMANN CO., and Affiliates — San Francisco 
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Nutritional, chemical changes 
in heated fats 


Review 


Nutritional and chemical changes occurring in heated 
fats: a review. Edward G. Perkins. 


Practical research on the formation and accumulation of 
polymeric materials in oils obtained from deep frying 
operations has not received enough emphasis in published 
work, Literature concerning chemical determination ot 
polymeric materials in fatty acids obtained from com 
mercial operations is not readily available. Differences in 
the temperatures of heating and oxygen content can alter 
the rate and types of polymerization. The length of time 
that an oil is exposed to oxygen and heat, and especially 
the percentage of heated oil in the diet, seem to have as 
great a bearing on the nutritive value of the oil as tem 
perature of heating. It can be observed that most of the 
data derived from this type of research cannot be pro 
jected to predict whether an unsaturated oil will be 
damaged sufficiently during processing and commercia! 
frying operations to be harmful. The data obtained i+ 
sufficient, however, to justify the suspicion that the use ot 
such oils containing polymeric materials may not be de 
sirable from a nutritional point of view. It is obvious 
that practical research must yet be done in order to an 
swer at least three main questions: a) Are polymers 
formed in unsaturated oils during deodorization, process 
ing, and use? b) Are polymeric materials absorbed on 
food products and if so to what extent? ¢) What are the 
physiological and nutritional effects of these materials? 
(See page 508). 


Consumer opinion Sweeteners in 


citrus dy mks 


Consumer opinion of sweeteners in frozen concentrated 
lemonade and orange juice drink. Rose Marie Pangborn, 
George L. Marsh, W. R. Channell, and Horace Campbell. 


Three surveys were conducted among 320 families to deter 
mine consumer opinion of amount and type of sweetener 
in frozen, concentrated lemonade and in frozen, concen 
trated orangeade: Study I—Determination of optimum 
sweetness among 4 sucrose-sweetened concentrates, Study 
Il—Effeet on acceptance of dextrose replacement of 10, 
20, and 30° of the suerose, Study III-——Effeet on accept 
ance of corn syrup replacement of 10, 20, and 30% of the 
sucrose. In Study 1, an optimum sweetness level of 11 

Brix at a Brix-acid ratio of 16.0 was established for 
lemonade whereas 13° Brix at a Brix-acid ratio of 18.5 
was optimum for the orangeade. Only the lemonade sam 
ple containing 30% dextrose replacement was rejected by 
the consumers; all orangeade containing dextrose was 
acceptable. However, undesirable darkening was observed 
in all dextrose-containing samples after 6 months of stor 
age at 0° F. Corn syrup was objectionable in lemonade, 
but inconelusive results were obtained for orangeade. The 
laboratory taste panel found that 9.5° Brix in the all 
sucrose sweetened lemonade was equivalent in sweetness 
to 10.8° Brix in samples with sucrose replacements of 20% 
dextrose or 20% corn syrup. Sucrose had the greatest 
sweetening ¢apacity and corn syrup had the least. (See 


page 515). 


Continued on page 15 following Teehnieal Seetion 
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(Continued from page 12 preceding Technical Section) 


Antibiotic and radiation Applied to poultry 


Experimental preservation of poultry by chlortetracycline 
and radiation. A. W. Phillips, H. R. Neweomb, and F. C. 
Bach. 


Ten ppm of chlortetracyeline and 100,000 rads of ionizing 
radiation were used in an experimental antibiotiec-radi 
ation process for retarding microbial spoilage in prepack- 
aged fresh chicken mest © «ated meat was stored at 41° F 
for 7 weeks without al spoilage. Results obtained 
on meat independent ated with either radiation or 
antibiotic were inferio, those achieved with the com- 


bination process. (See page 521). 


Froze foods ter hnology Froze n spinach 


Time-temperature tolerance of frozen foods. XXIII. Qual- 
ity changes in frozen spinach. W. C. Dietrich, Mildred M. 
Soggs, Marvel-Dare Nutting, and N. E. Weinstein. 


Time-temperature conditions ranging from one day at 40 
to two years at —20° F have been investigated for spinach 
with regard to changes in chlorophyll, ascorbie acid, caro 
tene, reflectance color, visual color, and flavor. Significant 
deterioration did occur (except for carotene) above 0° F 
within periods of handling that may be experienced in 
industry practice. Measurable rates increased by a multi- 
ple of 10 for about each 15° rise in temperature between 
0° and 25° F. This increase in rates was similar to the 
temperature effects on rates found earlier for peas and 
green beans. Comparison of change-in percentage chloro- 
phyll converted to pheophytin in spinach with the change 
in peas and green beans, for example at 10° and 20° F, 
showed conversion in spinach to increase 1 to 2 times as 
fast as in peas and one-half to one-quarter as fast as in 
green beans. Loss of ascorbie acid in spinach (expressed 
as mg/100g¢) was 1 to 2 times as much as found in green 
beans and peas under the same conditions. Some time- 
temperature effects caused enough deterioration for indus 
try panels to rate samples as “sufficiently poor to cause 
consumer complaint.” Data emphasize a large variation 
among 10 oz packages of spinach and the necessity for 


adequate sampling for quality evaluation. (See page 522). 


Oxidation method For estimating storage 
life of frozen se atoods 


An accelerated oxidation method for the estimation of the 
storage life of frozen seafoods. Robert FE. Palmateer, T. C. 


Yu, and Russell O. Sinnhuber. 


An accelerated autoxidation procedure for frozen sea 
foods and fats and oils is presented. This method depends 
on the use of purified diatomaceous silica (Celite) as a 
support for the material to be tested. The great increase 
in surface area that results permits autoxidation to pro- 
ceed at an accelerated rate even at sub-freezing tempera 
tures. The effect of temperature on the rate of autoxida- 
tion was determined as well as the effect of fluctuating 
temperatures on the storage of frozen seafoods. The 
ipplication of this procedure to evaluate antioxidants is 
demonstrated. The proposed method is useful for the 


YOUR 
PRODUCT 
IN ORBIT 


with a FRIES & FRIES 
“SPACE AGE FLAVOR!” 


Many new food products blast-off 
satisfactory roar, only to disappear 

later into the ocean of ur 

ventures. In spite of the 

development, packaging 

market testing behind then 

have all the essential 

of power”, of an indivicua 

that’s built right into the ba 

FRIES & FRIES ‘Space Age f 

engineered for the current era 
convenience foods. They're 

product by people whe k 

with a thoroughness that 

generations of experience. Laur 

product is expensive and difficult 

Let a FRIES & FRIES Space Age Flavor give 
it that thrust necessary to put it into a |¢ 
swinging, profitable orbit! 
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CINCINNATI ... 110 E. 7Oth Street 
NEW YORK... 418 E. 91st Street 


sae 
Raven 
‘4 
Vas 
| 
= 
AR 
Fs 
a 
| 
vor 
ad 
| 
Hi 
: 
ref 
abe 
23 
Hey 


PROCTOR 
Continuous 
Dehydrators 
for food processing 


... deliver a uniformly high quality product 
. are designed to fit your process 
- require less maintenance 


Write us—let us prove we can help you 
with your drying problem. 


TYPICAL FOOD PRODUCTS 
using Proctor's Continuous Conveyor Dryers: 


gelatin, vegetables, starch, fruits, coconut, 
cocoa beans, cereals, animal foods. 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 


PHOTOVOLT 
Meter 


A full-fledged line-operated 
pH Meter of remarkable ac- 


at cot $1 $175. = 
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accelerated oxidation of fats and oils. The effect of the 
antioxidants, quercetin and propyl gallate on the stability 
of a lard substrate is shown by this method. The sur- 
factant, Celite, does not interfere with the peroxide or 
TBA methods for the determination of oxidative raneidity. 
The possible use of this accelerated autoxidation method 
for the accelerated storage of frozen vegetables and other 
foods is suggested. (See page 528). 


Fruit juice powders 


Equilibrium RH 


relationships 


Equilibrium relative humidity (ERH) relationships of 
fruit juice and custard powders. G.S. Siddappa and A. M 
Manjundaswamy. 


The data for fruit powders and fruit custard powder show 
that the graphical interpolation method, which is much 
quicker than the weight equilibrium method, can be em 
ployed for the quick and approximate determination ot 
their ERH. The latter method, however, gives more pre 
cise data and also detailed information regarding the 
storage behaviour of the product in relation to danger 
and critical points and safe margin, especially when 
products undergo visible changes in colour, texture, ete 
Mango and guava powders have almost similar moisture 
equilibrium curves, while orange juice and mango custard 
powders have curves that differ significantly from these 
and also from each other. The fruit juice powders and 
custard powder vary widely as regards the range of ERH 
in relation to uptake of moisture, mango and guava pow 
ders passing through a wider span of ERH than orange 
juice and mango custard powders. Mango and guava 
powders and mango custard powder have a wider safety 
margin (4, 10, and 14% RH) than orange juice powder 
(1% RH) and therefore present a less critical packaging 
problem. All the products have a tendency to develop 
mould growth, when the RH of the storage atmosphere 
exceeds about 80%. Lumping and caking were observed 
in the range of 2.3-2.89% moisture level in the case of 
guava, mango, and orange juice powders and at 4.4% 
level in the case of mango custard powder. This increase 
in moisture level in the case of mango eustard powder 
may be attributed to additives like skim milk powder 
and starch. (See page 533). 


The Quartermaster 
program 


Radiation preservation 


Objectives of the QM Food and Container Institute for 
the Armed Forces radiation research program. Harry bh. 
Goresline. 


The Radiation Preservation of Food Program is now in its 
seventh year. Fundamental objectives of the broad pro 
gram are, essentially, the same today as when formulated 
early in the a The over-all objectives in food 
irradiation are: 1. To investigate the possibilities of pre 
serving foods by ionizing radiation; 2. To establish a reser 
voir of basic scientific information for future improvement 
of radiation processed foods; 3. To advance the technology 
of food radiation processing and to better understand the 
fundamentals involved; 4. To investigate the possibilities 
of furnishing ration components, sterilized by ionizing 
radiation, to troops in the field; 5. The establishment of 
the wholesomeness of irradiated food. (See page 537). 
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Year after Year... 


the choice of leading bakers 


NESTLE’S 


The fine quality of Nestlé’s chocolate 


liquors, cocoas and coatings is zealously 
guarded by advanced laboratory and 


quality control techniques. 


NESTLEs 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, N.Y. 


®Trade Mark Reg. 


1961 Technical Program 


Plans for the 1961 Technical 
Program are moving ahead. 

Papers can be sent to any Com- 
mittee member (See September is- 
sue) but are best sen to the Chair- 
man of that Division in which the 
discipline is listed. The deadline 
for titles is December 1, 1960. Ab- 
stracts of all papers must be in the 
hands of the Session or Division 
Chairman by January 1, 1961. Ab- 
stract forms will be provided. 

The selection of all subjects has 
not been completed, but the follow- 
ing can now be announced : 

Flavors and Colors Session 
Leader: Dr. Arthur S. Wendt, 
Fred Fear and Company, Foot of 
Joralemon Street, Broooklyn 1, 
New York. 

Pressurized Foods Session 
Leader: Dr. John M. Jackson, 
American Can Company, Research 


DIXIE 

The Dixie Section of IFT held 
its Summer Meeting on August 12, 
1960 at the Dromedary Division of 
National Biseuit Co. at Woodbury, 
Ga. The group met at 10:00 a.m. 
for a tour of their Pimiento Can- 
nery and Date Packing Plant. 
From Woodbury the group went to 
Pine Mountain Tavern in Roose- 
velt State Park for lunch and the 
program. 

Mr. Ralph Bohn, chairman, 
called the meeting to order. Mr. 
Charles Lovvorn introduced the 
speaker, Mr. Jack R. Chappel, Offi- 
cer-In-Charge, Processed Products 


and Development Center, Barring- 
ton, [liinois. 

Food Additives—Session Leader : 
Dr. John F. Mahoney, Merek and 
Company, Rahway, New Jersey. 

An Educational Symposium en- 
titled: Food Technologists, Under- 
graduate or Graduate Session 
Leader: Dr. Roy E. Morse, Thomas 
J. Lipton, Ine., Hoboken, New 
Jersey. 

Statistical Quality Control—Ses- 
sion Leader: Dr. Bruno A. Filice, 
Filice & Perrelli Company, 1200 
South Tenth Street, Richmond, 
California. 

Quality Control 
tion — Session Leader: Mr. James 
B. Anderson, H. J. Heinz Com- 
pany, 11 Rosemont Avenue, Pitts- 
burgh, Pennsylvania. 

Frep C. Basevr, Chairman 
Pauu A. Buck, Vice Chairman 


/nstrumenta- 


Inspection Service, Fruit and 
Vegetable Division, Agricultural 
Marketing Service. Mr. Chappel 
gave some interesting facts about 
the inspection service and how it 
works. He also showed models 
used by the inspectors to establish 
the quality of the various processed 
fruits and vegetable products 
which are packed under the USDA 
program. 

Several members and their fami- 
lies went by Callaway Gardens and 
Beach for a swim before journey- 
ing home. 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 


1960 
October 12-14 


The Seventh National Symposium of the American Vacuum Seviety, 


Cleveland-Sheraton Hotel, Cleveland, Ohio 

November 12-19 Fifth Pan-American Congress of Pharmacy and Biochemistry, San 
tiago, Chile. (For information address Senor José Pérez Molina, 
Secretary, Box 6084, Santiago, Chile). 


1961 
May 15-18 


Fourth International Congress on Canned Foods, Berlin, Germany 


(for information address M. Henri Cheftel, J. J. Carnaud & Forges 
de Basse Indre, 71 Avenue, Edouard Billancourt, Seine, France). 


Other outstanding RCA 


Automation 
Equipment 


for the Food Industry 


COMPACT BOTTLE 
UNCASER 


Model H-300 


= 


Low-priced unit uncases wide range of 
bottle sizes at speeds as high as 300 bottles 
per min. No air or hydraulic connections 
needed. Used with any standard filing table. 
New 600 bpm unit will soon be available. 


HIGH-SPEED BOTTLE AND CAN 
UNCASER Model MBU-2 


This high-speed unit handles a wide range 
of can, jar and bottle sizes (packed in single 
tier cases)—at speeds up to 30 cases per 
minute. No changeover necessary toswitch 
from cans to bottles of same dimension. 


PALLET LOADER AND PALLET 
UNLOADER 


Straight-stack all standard cases and bhot- 
tle sizes without mechanical adjustment, 
at speeds up to 30 cases per min. De- 
signed for 36” x 36”, 36” x 48”, and 
36” x 60” standard pallets. Can be fur- 


nished for other sizes. Available indi- 
1961 vidually, or in combination. 
May 7-11 Twenty-first Annual Meeting of the Institute of Food Technolo- Get full particulars on any or all of 
gists, Hotel Statler, New York, New York. these items from RCA, Dept. M-35¢ 
1962 Building 15-1, Camden, N. J. 
June 10-14 Twenty-second Annual Meeting of the Institute of Food Technolo- 
gists, Fontainebleau Hotel, Eden Roc Hotel, Miami Beach, Florida. 
1963 
May 19-23 Twenty-third Annual Meeting of the Institute of Food Technolo- 
gists, Pantlind Hotel, Civic Auditorium, Grand Rapids, Michigan. Tonk (s) 
RADIO CORPORATION OF AMERICA 


INDUSTRIAL AND AUTOMATION DIVISION 
CAMDEN, N. J. 


An open invitation is extended to readers of FOOD TECHNOLOGY to send in to the Editorial 
Office, 11606 South Bell Avenue, Chicago 43, Illinois notices of annual or national meetings of 
interest to food technologists 
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ANOTHER WAY RCA 
SERVES INDUSTRY 

THROUGH 
ELECTRONICS 


~-» GATEWAY TO SAFETY FROM TRAMP METAL 


Now... for as little as $1000 you 
can guard your product against tramp 
metal... with an RCA Metal Detector! 


This new low-cost RCA Electronic Metal Detector 15 to 600 feet per minute. Tramp metal—even as 
is designed specifically to meet the requirements of small as five hundredths of an inch in diameter—is 
the food industry. It is highly sensitive to metallic readily detected. 
particles, non-magnetic or magnetic, yet is ruggedly ; 
built. The waterproof aperture of the Metal Detector An investment of as little as $1000 gives you this safe- 
can be hosed down without damaging the circuitry. guard of product purity and reduces the possibility 
Bi-sectional construction simplifies installation of customer complaints and claims. The Metal De- 
around your conveyor line. tector also protects expensive production machinery. 
Five standard aperture sizes are available for inspect- By ‘preventing losses and downtime due to tramp 
ing bulk or packaged products at conveyor speeds of metal it can pay for itself out of savings. 

Get all the facts about the new low-priced RCA Flectronic Metal Detector. Write to 


RCA, Dept W-356, Building 15-1, Camden, N. J... and we'll rush details t jou. 


Tmk(s 


RADIO CORPORATION 
of AMERICA 


CAMDEN, N. J. 
In Canada: RCA VICTOR Company Limited, Montreal 


RCA ELECTRONIC 
METAL DETECTOR 

Prices start at $1000 
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essential 
to quality 


Whatever the key to your product 
success — distinctive flavor, texture, 


purity, etc.— precise pH control 


is essential to quality. You can rely 
on Beckman pH equipment to 


enhance your product reputation 


and to increase your consumer 


acceptance. For 25 years, leading 


food processors have specified 


Beckman because its complete line 


of laboratory and industrial 


meters, electrodes, and accessories 


is the most accurate, dependable, 


and versatile pH equipment 
obtainable at the lowest cost. For 
details on Beckman laboratory pH 


products, see your laboratory 


apparatus dealer; for additional 


information about continuous 


process pH instrumentation, consult 


your Beckman Sales Engineer. 
Or, write for Data File 84-10-01. 


Scientific and Process / Instruments Division 
Beckman instruments, Inc 
Fullerton, Califorma 


ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


Programmed temperature gas chromatog- 
raphy. 


Dat Nogare, 8S. anp LANGLOoIs, W. E. 
(E. I. du Pont de Nemours & Co., Ine., 
Wilmington, Del.). Anal. Chem. 32, 
767-70 (1960). 


A derivation of solute retention be- 
havior in programmed temp. gas chroma- 
tography is presented. The final equation, 
for the dependence of retention time on 
heating rate, mass flow rate of carrier 
gas, and starting temp., was integrated 
by computer for a linear temp. program, 
and yielded results in good agreement 
with expt. A correlation is noted be- 
tween relative retention time and the 
ratio of flow rate to heating rate. Under 
identical linear temp. programming con- 
ditions, increasing the liquid phase polar- 
ity inereases the retention time of each 
member of a polar homologous series by 
the same amt. 


Molecular sieves as subtractors in gas 
chromatographic analysis. III. The 
secondary effect of the molecular 
sieve trap column. 


Errre, L. S. AND BRENNER, N. (Per 
kin-Elmer Corp., Norwalk, Conn.). J. 
Chromatography 3, 235-8 (1960). 


Using molecular sieves as trap column 
for specific adsorption of individual com- 
ponents from mixts., a secondary effect 
was observed in the case of org. compds. 
contg. carbonyl or hydroxyl groups. As a 
result of this secondary reaction, the 
substance which would pass the column 
is retarded under the influence of the ad- 
component. This effect might 
probably be attributed to an aldol eon- 
densation or formation of secondary hy- 
drogen bonds. These reactions could pro- 
mote the basic character of the molecular 
sieves. In the ease of hydrocarbons, no 
secondary adsorption effect was noted. 


sorbed 


A preparative column for the ion ex- 
change isolation of amino compounds. 


TALLEY, E. A. AND Porter, W. L. 
(Eastern Regional Research Lab., Phila- 
delphia, Pa.). J. Chromatography 3, 
434-7 (1960). 


Since analytical ion-exchange methods 
ure micro in seope, other more involved 
and more tedious procedures must be 
used to isolate unknown materials for 
identification. This paper reports the re- 
sults of sealing up the Moore and Stein 
(J. Biol. Chem. 219, p. 623) 110 em. 
column to the extent of 24 times. By the 
use of this column, sufficient materials 
for analysis and prepn. of derivs. can be 
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obtained with a minimum of effort and 
change in the ordinary analytieal method. 


A method for the quantitative separation 
of fatty acids from unsaponifiable 
matter. : 


Sammons, H. G. ann Wiaas, 8S. M. 
Analyst 85, 417-18 (1960). 


Fatty acids have been sepd. from un 
saponifiable matter by 
alumina from soln. in light petroleum. 
The acids are quantitatively removed by 
conversion in situ to their methyl esters 
followed by elution with diethyl ether. 
The recovery of both unsaponifiable mat 
ter and fatty acids, as methyl esters, is 
greater than 90%. 


adsorption on 


A study of atomic absorption spectros- 


copy. 
Menzies, A. C. (Hilger & Watts Ltd., 
London, Engl.). Anal. Chem. 32, 898-904 


(1960). 


Flame photometry has been used for 
many years to analyze materials whieh 
may be brought into soln. For certain 
metals, notably the alkali and alkaline 
earth metals, the 
standard. However, its scope is restricted 
and not until 1955 did Walsh suggest 
analyzing by flame absorption instead of 
emission. The newer technique is called 
atomic absorption 
technique and some of the difficulties in 


method has become 


spectroscopy. The 


its application, as well as some examples 
of its use, are presented. 


An examination of the occurrence of 
honeydew in honey. 


KirkKWwoop, K. C., T. J. 
Smitrn, D. (Royal Coll. of Sei. & Teeh., 
Glasgow, Scotland). Analyst 85, 412-16 
(1960). 


Honey contg. honeydew, the sweet and 
sticky excretion of certain leaf-sucking 
insects, is not a safe food for bees; a 
simple means of distinguishing honey 
dew from floral 
Forty-two honeys were analyzed for mois 
ture, colloid, nitrogen, dextrin, reducing 
sugars, free acidity and ash, and values 
for specific rotation and pH were meas 
ured. The exptl. results were subjected 
to discriminatory analysis, and a linear 
discriminant function « 
on the results for ash, pH and reducing 
sugars; the numerical value of this func 
tion for any sample serves to classify the 
sample as floral or honeydew in origin. 


honey is deseribed. 


ey rived, based 


BIOLOGICAL SCIENCES 
Biochemistry 


Studies on a protein-synthesis-affecting 
substance from biological materials. 


Hrapec, J. anp Srrourova, A. (Onco 
logical Inst., Prague, Czechoslovakia). 
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The initial sale is important but volume is built on 
repeats. That’s why so many food processors are 
including Hercules HVP®-Century powdered in 
their formulations for the flavor of well-browned 
beef. It’s a flavor that brings satisfied customers 
back to the counter again for “‘seconds.” 
HVP-Century, a total hydrolyzed vegetable pro- 
tein derived from wheat protein, contains 100°; of 
all the amino acids derived from the hydrolysis 
with none of the monosodium glutamate removed. 


The latest addition to Hercules’ full life of HVP 
powder and liquids and MSG, HVP-Century of- 
fers many possibilities for cost savings and process- 
ing advantages. 

A four-page data sheet is available to provide 
complete specifications on HV P-Century as well as 
information on how to compute cost savings and 
convert formulations. A data sheet and a sample of 
HVP-Century, which has FDA acceptance for use 
in many applications, can be obtained by writing: 


Huron Milling Division, Virginia Cellulose Department 
HERCULES POWDER COMPANY 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 
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Biochim. et 40, 32-42 


(1960). 


Biophys. Acta 


A substance of lipid character contg. 
carbohydrate and phosphorus’ which 
stimulates the incorporation of labelled 
amino acids into the protein of Ehrlich 
useites cells was found in animal tissues 
and egg yolk. The content of the tissues 
of tumor-bearing individuals was higher 
than that of the tissues of normal ones. 
The substance was obtained in a crystal 


line form, 


Irradiation of proteins in the solid state. 
I. Aggregation and disorganization 
of secondary structure in bovine ser- 
um albumin. 


ALEXANDER, P., Hamivtron, L. D. G. 
AND Sracey, K. A. (Royal Cancer Hosp., 
London, Engl. Radiation Research 12 
510-25 (1960 


Solid bovine serum albumin has been 
irradiated in the absence of oxygen with 
2-Mey electrons. On irradiation the pro 
tein becomes insol, in water but remains 
sol. in salt solms. The loss of water soly. 
is assoed, with ayn increase in the average 
molecular wt. as detd. by light-scattering. 
The aggregates are not dissoed. by 4M 
guanidine HC! or by the breaking of di 
sulfide bonds. The fraction soluble only 
in salt solns. is rendered insol. in all sol 
vents 
fide bonds—by wetting the water. This 


except those which break disul 


is believed to be due to intermolecular 
bonds formed by disulfide exchange. 


Turnover of protein and nucleic acid in 
soluble and ribosome fractions of non- 
growing Escherichia coli. 

MANDELSTAM, J. AND Hatvorson, H. 


(Univ. of Wiseonsin, Madison 
et Biophys. Acta 40, 43-9 (1960 


Bioch mm. 


The stability of protein and of RNA 
has been examd, in the ribosome and sol. 
In both 
fractions there is balanced degradation 
about 


fractions of non-growing coli, 


and re-synthesis of 
5% /hr. The RNA of the ribosomes is 
also degraded at this rate but” re 
In the sol. 


nucleic acid svn 


protein at 


syuthesized at only 1.50 /hr. 
fraction the rate of 
thesis exeeeds the rate of dagradation, so 
that there appears to be net transfer of 
material from the ribosomes to the solu 
ble fraction. Degradation of ribosomes 
supplies much of the free amino acids 
and almost all of the ribonucleotides 
passing through the free pool during 
starvation. 


Studies on the mechanism of fatty acid 
synthesis. VII. Biosynthesis of fatty 
acids from malonyl CoA. 


Ganeuty, J. (Univ. of Wisconsin, 
Madison Biochim, et Biophys. Acta 40, 


110-18 (1960). 


Malony!l CoA ean serve as the starting 
point of the synthesis of long chain fatty 
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acids in animal tissues. The rate of for- 
mation of fatty acids from malonyl CoA 
is many times faster than acetyl CoA. 
TPNH and a particulate enzyme fraction 
are required for the synthesis of fatty 
acids from malonyl CoA. DPNH cannot 
replace TPNH efficiently in all tissues. 
The rate of formation of malonyl CoA 
from acetyl CoA seems to be the limiting 
step in fatty acid synthesis from acetyl 
CoA, 


Level of sulfhydryl compounds in rat liver 
following feeding with goitrogenous 
and non-goitrogenous cabbage. 


(Slovak Aead. of Sei., 
Nature 186, 982-3 


Sepak, J. 
Bratislava, Czech.). 
(1960). 


Rats were given a goitrogenous and 
non-goitrogenous variant of eabbage and 
total sulfhydryl compds. in liver meas 
ured immediately following death of the 
animals, Results showed that rats fed 
with goitrogenous cabbage store in the 
sulfhydryl 


liver twice as much total 


compds., (expressed in terms of gluta 


thione) as do those fed on non-goitrog 
enous cabbage. It may be possible to 
use the estn. of total sulfhydryl eompds. 
in the liver as a test of the goitrogenicity 
of vegetable foodstuffs. 


Nutrition 


Food intake, water intake and body water 
regulation. 


LEPKOVSKY, S., Er AL. (Univ. of 
California, Berkeley Poultry Sei. 39, 
(1960 


Feeding chickens with or without water 
does not greatly influence their food in 
take, since other factors have greater 
effeets. There is more water in the erop 
contents of chickens fed with water than 
in the crop contents of chickens fed with 
out water. The intestinal contents of 
chickens fed with or without water have 
approximately the same percentage of 
water. Feeding with or without water 
does not affect the proteolytic activity of 
the intestinal contents. The rate of di 
gestion is slower in chickens fed without 
water. 


Experience with prolonged administration 
of intravenous fat emulsions. 


Coun, L., ev AL. (Louisiana State Univ., 
New Orleans). J. Lab. Clin. Med. 54, 
917-28 (1960), 


The following reactions, previously re 
ported in humans receiving intravenous 
fat emulsions, occurred in the exptl. ani 
mals: lethargy, vomiting, persistent lipe 
bleeding, 
abnormal liver funetion, and deposition 
of intravenous fat pigment. Emulsion 
was administered to normal dogs without 
lethal results at a 40 mil./kg. dosage, 
whereas Lipomul I.V. was fatal when the 


mia, anemia, gastrointestinal 


dosage was greater than 30 ml./kg. 


Megaloblastic anemia of infancy in Ja- 
maica. 


Maclver, J. E. anp Back, E. H. (Uni 
versity Coll. of the West Indies, Ja 
maica). Arch. Disease in Childhood 35, 
134-45 (1960). 


The literature on megaloblastic anemia 
of infaney is briefly reviewed with par 
ticular reference to its oceurrence in 
association with protein 
(kwashiorkor). Of the 50 cases in the 
series, 45 were given folic acid and 5 
received vitamin By. Six of the folic 


malnutrition 


acid treated cases died. The response to 
both folie acid and vitamin By in the 
remaining eases was excellent. No re 
sponse to antibiotics was noted. Whether 
the main deficiency is of folie acid or of 
vitamin By is uncertain at the present 
time, although a deficiency of folie acid 
seems likely to be the more important. 


The availability of bound nicotinic acid 
acid to the rat. 3. The effect of boil- 
ing maize in water. 


CARPENTER, K. J., Kopicek, E. ANpb 
Witsox, P. W. (Rowett Research Inst., 
Aberdeen, Seotland). Brit. J. Nutrition 
25-34 (1960). 


Boiling maize in tap water for 1 hr., 
combined with soaking for over 40 hr., 
did not result in any detectable 
of nicotinic acid from its bound form; 


release 


the resulting material did not cure rats 
suffering from nicotinie acid deficienes 
Boiling maize for 5 hr., combined with 
previous soaking for over 20 hr., released 
only about 14° of nicotinic acid from 
its bound form, and the resulting maize 
prepn. had only a small curative or pre 
ventive effect, corresponding to the small 
Maize 
lime-water had all its 


amt. of nieotinie acid liberated. 
treated with 1% 
nicotinic acid in the free form and com 
pletely 
them of, nicotinic acid deficiency. 


protected rats from, or cured 


DETERGENTS 


Removal of fatty soil from glass. Elect 
rolyte detergent-builder effect. 


AnperRSON, R. M., SaTANEK, J. AND 
Harris, J. C. (Monsanto Chem, C 
ton, Ohio). J. Am. Oil Chemists’ Soc. 
119-21 (1960). 


Day 


The mechanism of radio-tagged tri 
stearin removal from a glass substrate by 
sodium tripolyphosphate (STP) is pri 
marily one of preferential displacement. 
Tristearin removal by STP appears to 
be a competition for primary polar ad 
sorption sites: being the more 
STP displaces the soil. Continuous soil 
films are more slowly removed than spotty 


polar 


soil films because initially fewer accessi 
ble adsorption sites are available for dis 
placement attack by STP. It is believed 
that emulsification of these heavy films oc 
curs initially by the ‘‘stripping’’ or 
preferential displacement by STP of the 
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idsorbed monolayer at a site, followed 
by a rolling up of coherent soil along 
with the desorbed monolayer, resulting in 


i degree of emulsification. 


ENGINEERING RESEARCH 


Mechanisms by which ultrasonic energy 
effects transfer rates in liquid-liquid 
extraction. 


Woop.e, H. A. AND ViILBRANDT, F. C. 
(Virginia Polytechnic Inst., Blacksburg). 
Am. Inst. Chem. Eng. J. 6, 296-8 (1960). 


Concurrent and = spray-tower studies 
have been accomplished that illustrate 
the effeets of ultrasonic insonation on 
transfer rates in liquid-liquid extn. Stage 
efficiencies and over-all transfer rates in 
the system toluene-methyl aleohol-water 
were detd., with and without insonation 
of the system at frequencies of 40 and 
S00 ke. Insonation was shown to have a 
positive effect on mass transfer in both 
coneurrent and spray-tower operations. 
Insonation of the system provides for in 
creased interfacial area between the two 
phases, removal of relatively stagnant 
liquid layers at the interface, and in 
ereased circulation currents within a sin 


gle liquid phase. 


FOOD AND FOOD TECHNOLOGY 
Baking and Bakery Products 


Volatile aromatic substances of rye bread. 
(In German 


Rorur, M. Ernahrunasforsch. 5, 131 
1960 


Six amino acids (alanine, valine, leu 
cine, isoleucine, methionine, phenylala 
nine) decompose with the formation of 


aldehydes when dry heated with xylose, 
and also under the prevailing conditions 
in rye bread during baking. These alde 
hydes are sepd. and identified by paper 
chromatography of the dinitrophenylhy 
drazones, Furfural and hydroxymethyl 
furfural are also present in rye bread 
erust, arising from the pentoses and 


hexoses 


Fats and Oils 


The formation of polarographically re- 
ducible substances in autoxidizing 
lard. 


Kura, E. J. anp QUACKENBUSH, F. W. 
(Purdue Univ., Lafayette, Ind.). J. Am. 
Oil Chemists’ Soc, 37, 148-51 (1960). 


In a polarographic study of lard dur 
ing the early stages of autoxidation at 
55° and 100°C, 3 reduction potentials 
were observed, and curves were plotted 
from the diffusion eurrent values at the 
corresponding half-wave potential to 
show the changes in conen. of each of the 
reducible substances with time. All three 
curves followed the general pattern of 
the peroxide value, determined _ titri 
metrically. However, Curve A (E % 
0.15 v.) reached a maximum much earlier 
than either Curve B (E % 0.68 v.) 


Read accurately to .00003 with the Bausch & Lomb Precision 
Refractometer—three times the accuracy of standard Abbe 
instruments! This means dollars and cents savings to you 

in any quality control operation requiring precision grading. 


Test transparent and opaque samples by transmitted or 
reflected light. 1.20np-1.70np range with two 
quickly interchangeable prisms 


And... you get fast, accurate readings year after year because 
parts are compensated against wear. ( Test prisms, available for 
instrument check, certified by U.S. Bureau of Standards. ) 


See for yourself! Mail coupon | BAUSCH & LOMB INCORPORATED 1 
for information and free | 69010 Bausch St., Rochester 2, N.Y. | 
demonstration of today’s most | Send me complete data on the following B&L | 
complete line of refractometers. Refractometers | 
Precision Industrial [ Hand 
Abbe-3L Butyro f) Juice | 
LC) High Range Abbe-3L () Dipping | 
C) I'd like a demonstration of the models checked | 
above 
NAME, TITLE 
COMPANY | 
ADDRESS 
1 city ZONE STATE | 
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- highly developed personnel at 
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Our 1i¢ 


working in over 10,000 food 
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AMERICAN MaIzE-PRODUCTS COMPA 


 INTEGRATION— 
Success in any corn refining operation 
— | 
| 


Improving Tomorrow's 
Products... Today 


with 


AMERICAN MAIZE 
Corn Starches, Syrups 
and Syrup Solids 


In today’s processed foods that 
must meet exacting standards 
of quality, the hidden element 
of success is quite frequently 
a product from corn. For this 
reason, American Maize has 
developed many hundreds of 
specialized corn products to 
meet the most exacting require- 
ments. Here are a few of the 
many Categories of food prod- 
ucts which are presently being 
benefited by American Maize 
Corn Starches, Syrups and 
Syrup Solids. 


BEVERAGES 
BREAD 

CANDY 

CRACKERS 
CANNED FOODS 
CAKES 

CATSUP 

DRY MIXES 
FROZEN FISH 
FROZEN FRUITS 
GRAVIES 

ICE CREAM 

ICINGS 

JAMS AND JELLIES 
PEANUT BUTTER 
PROCESSED MEATS 
PIE CRUSTS 

PIE FILLINGS 
PRESERVES 
SAUCES 

SALAD DRESSING 
SOUPS 

SHERBETS AND ICES 
TOPPINGS 


If you manufacture any of 
these or kindred foods, we 
will be pleased to place the skill 
and experience of over half a 
century at your disposal, with- 
out obligation, of course. 


ATLANTA * BOSTON «+ BUFFALO 
CHICAGO «+ DENVER + GRAND 
RAPIDS * HOUSTON « LOS ANGELES 
PHILADELPHIA « PITTSBURGH « ST. LOUIS 
ST. PAUL * SAN FRANCISCO « SEATTLE 


AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE © NEW YORK 17, N.Y. 
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or Curve C (E % 1.10 v.). It is con- 
cluded that autoxidizing lard contains at 
least 3 types of primary 
compds, and that these are not changed 


peroxidie’’ 


qualitatively by the presence of prooxi 
dants and antioxidants. 


Fish 
Dicarbonyl compounds as components of 
fish odor. 


MANGAN, G. F. Comm. Fisheries Rev. 
21, 21-22 (July 1959). 


The presence of dicarbonyl and a 
hydroxy earbonyl compds. of four carbon 
atoms or less, are indicated in 2,4-dini 
trophenylhydrazine derivs. of mixed ear 
bonyl compds. prepd. from fresh and 
from frozen haddock, These compds. may 
be important odor and flavor components 
and possibly could be used as the basis 
for objective quality tests for fishery 
produets, 


Gelatin 


The formation of fibrils from collagen 
solutions. 2. A mechanism of colla- 
gen-fibril formation. 


Woop, G. C. (Univ. of Leeds, Engl.). 
Biochem, J. 75, 598-605 (1960). 

Fibril formation is regarded as the re 
sult of two processes: (a) nucleation, i.e. 
the aggregation of soluble collagen par 
ticles to form nuclei, the smallest aggre 
gates capable of existing as a separate 
phase; (b) growth of the nuclei into 
fibrils by aceretion of further soluble 
collagen particles. It is assumed that re 
action of the soluble collagen particles 
with the surface of the growing fibrils 
controls the rate of growth and that the 
former process is proportional to the sur 
face area of the precipitate and to the 
collagen eonen, 


Reversible transformation of gelatin to 
the collagen structure. 


Veis, A. AND Conen, J. (Armour & 
Co., Chieago, Ill.). Nature 186, 720-1 
(1960). 


The dried acetone ppt. of a gelatin 
fraction recovered from bull-hide coriun 
collagen was dissolved in 0.1M KC! at 
40° and the soln. clarified by centrifuga 
tion. A small, translucent gelatinous 
sediment was discarded. After setting 
to a firm gel in a cold room, the gel was 
placed in a 40° bath. Within 12 min. a 


| fine turbidity developed and within 1 hr. 


floccules appeared which were colleeted 
by centrifugation. This ppt. was white 
and fibrous and typical collagen eross- 
striations appeared under the electron 
microscope. The fibers were readily sol. 
in 6.0 M urea. It is postulated that the 
inter-chain cross-linkages present in 
natural insol. collagen might be retained 
in the sol. degradation products. 


An enzymatic examination of the structure 
of the collagen macromolecule. 


Von P. H., er au. (Naval 
Medical Research Inst., Bethesda, Md.). 
J. Am. Chem. Soc. 82, 2774-86 (1960). 


The collagenase-catalyzed degradation 
of soluble ichthyoco! has been examd. 
in order to obtain further insight into 
the structure and configuration of the 
collagen macromolecule, The kineties of 
proteolysis were followed directly by pH- 
stat nd colorimetric ninhydrin methods, 
and it is shown that below 27° the over- 
all kineties ean be reduced to the sum of 
2 coneurrent reactions, both apparently 
first order in substrate conen. but differ- 
ing markedly in rate. The results are in- 
terpreted in terms of a rigid, miulti- 
stranded, inter-chain hydrogen-bonded 
structure for the collagen macromolecule 
in soln.; enzymatic cleavage of single 
strands leaves the particle relatively in- 
taet, but brings about a partial strue- 
tural collapse by introducing points of 
increased flexi lity. 


The hydroxyproline content of porcine 
gelatin. 
Courts, A. AND KraGu, A. M. (Brit. 
Gelatine and Glue Research Assoc., Lon- 
don Anal. Biochem. 1, 88-95 (1960). 
This note reports the hydroxyproline 
contents for 5 com. acid-processed pig 
skin gelatins and for 2 specially prepd. 
porcine gelatins, one from bone by an 
acid process and the other from skin by 
an alkaline process. The data are dis- 
cussed in the light of results reported in 
the literature and conclusions are drawn 
with respect to the purity of mammalian 


collagens and gelatins. 


IN MEMORIAM 


John Clarkson Monk, chief engi- 
neer for Foremost Dairies, Ine., 
died July 16, 1960, at the age of 49. 
He joined Foremost nearly 15 
years ago as project superintendent 
at the Golden State Green Street 
(San Francisco) plant. In 1954 he 
was promoted to chief engineer of 
the entire Foremost operation. 

John Monk served on the Cali- 
fornia Manufacturers Association 
Industrial Waste and Smog Con- 
trol committees, as well as the 
Redevelopment 
Project. He belonged to the Insti- 
tute of Food Technologists, Cali- 
fornia Dairy Institute, Common- 
wealth Club, California Society of 
Professional Engineers and the 
Stanford Club of San Francisco. 

He is survived by his wife and 


two teen-age sons. 
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Edward M. Chace (retired), for- 
merly chemist in charge of the U.S. 
Department of Agriculture, Fruit 
and Vegetable Chemistry Labora- 
tory, died on August 9, 1960, at the 
age of 86, in Los Angeles. Mr. 
Chace started his scientific career 
in the Department of Agriculture 
in Washington, D. C., working on 
adulterated foods under Dr. Har- 
vey Wiley, the well known father 
of our present food and drug law. 
Around 1908, Mr. Chace was trans- 
ferred to Los Angeles where he set 
up the Fruit and Vegetable Chem- 
istry Laboratory (now located in 
Pasadena) to work on the chemis- 
try and technology of citrus fruits 
and fruit 
recognized authority in the field of 
food chemistry. He published many 


products. He was a 


scientific papers and was very ac- 
tive in the professional societies. 
Mr. Chace was awarded a 50 year 
service pin by the American Chemi- 
cal Society, and was a recipient of 
the Appert Award of the Chicago 
Section of the Institute of Food 
Technologists. He is survived by 


his wife, two daughters and a son. 


Harvey K. Murer, director of re- 
search at the General Foods Re- 
search Center in Tarrytown, N. Y., 
died as a result of an automobile 
accident Saturday, August 13, en 
route to Bergen, Norway. 


Mr. Murer, who was 49 years 
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old, was on vacation with his’ wife, 
Mrs. Clarissa Slichter Murer, and 
daughter, Miss Karen Ann Murer, 
both of whom are hospitalized in 
Voss Hospital, Voss, Norway, as a 
result of the accident. He lived in 
Saddle River, N. J. 
vived by a brother, E. B. Murer of 
St. Louis, Missouri. 


He also is sur- 


Mr. Murer joined General Foods 
Corporation in 1941 in the com- 
former Central 
tories. He had been director of 
research since 1958. 


pany’s Labora- 


Prior to joining GF, he served in 
research and teaching capacities at 
the University of Tennessee, North- 
western University and Washing- 
ton State College. Mr. Murer was 
a graduate of Washington State 
College and also attended Har- 
vard University and Northwestern 
University. 


PERSONNEL 


Mr. Paul V. Imes has recently 
been appointed to the new positign 
of Technical Director of The Carey 
Salt Co. He has been a member of 
the IFT since 1944, and received 
an A.B. in chemistry and mathe- 
matics from Baker University, and 
an M.A. in physical chemistry from 
Kansas University. Among the re- 
sponsibilities of his new position is 
that of providing technical counsel] 
to Carey customers. 


WANTED 


EXPERIENCED FLAVORIST 
or FLAVOR CHEMIST 


In expanding its flavor operations International Flavors & Fra- 
grances Inc. is seeking the services of a flavor chemist or flavorist 
with a minimum of 10 years experience in flavor creation and 
application as well as in food technology. Chemistry degree pre- 
ferred but not required depending upon training and working 


experience. 


This is an unusual opportunity for an individual with outstanding 
qualifications. Please send resume with complete details including 


salary requirements to 


a Joseph |. Brennan, Personnel Manager 


Internationial Flavors & Fragrances Inc. 
417 Rosehill Place, Elizabeth New Jersey 
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RESEARCH 
OF DEPTH AND IMAGINATION 


also available in powder form to give further ait 
application in flavoring. The depth of Firmenich 
research is evidenced in the award of the 

Nobel Prize and four medals administered by the ie 


American Chemical Society. The originality of 


Working in the favorable atmosphere of pure 
research and practical application, Firmenich has 
made imaginative and sulstantial contributions 

to the field of flavor. By isolation, identification and i Firmenich research has been shared with fellow 
synthetization, precise and potent flavors, } scientists in more than 300 technical papers. Firmenich dt 
possessing all the desirable organoleptic qualities of technicians are highly qualified to assist you in the 
use of Firmenich flavors in developing new products, 


in giving fresh appeal to those long established. 


the originals, have been achieved. By new and 
exclusive techniques, these materials are now 


LOEBEL 


FIRMENICH INCORPORATED 


OS ANG 1416 CRESTVIEW 


FIRMENICH OF CANADA, LIM 
350 WA ACE AVENUE, TORONTO, ONT 
2320 GRAND BLVD., MONTREAL, Q 
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LABORATORY SERVICES 
for the 


Chemical and Biological Assays, 
Clinical Studies, Research 


FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Louis 8, Mo. JE. 1-5922 


RESEARCH OPPORTUNITIES 


Expanding product line has created a 
need for additional top level research 
personnel. In modern research lab- 
oratory in Minneapolis. 


Technical Manager 
Product Development 


Basic responsibility for Research and 
Development techniques in the formu- 
lation of new products and improve- 
ment of current products. Ph.D. or 
Masters degree in Chemistry, Food 
Technology or related science is re- 
quired. Research experience necessary. 
Experience in foods preferred. 


Senior Research Engineer 


Assume responsibility for process de- 
velopment in the field of dehydration. 
Ph.D. or M.S. in Chemical Engineer- 
ing highly desirable, plus 3-5 years 
experience in Research, in Food or 
Petroleum. Contact: 


Calbert Butler 
THE PILLSBURY COMPANY 
Minneapolis 2, Minnesota 


LaWactt & HARRISSON 
1921 Walnut St Phila 3 Pa {0 3.432? 
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WANTED: SPICE & SEASONING 
TECHNOLOGIST-Challenging oppor- 
tunity for Product Development. Ex- 
panding national spice and seasoning 
firm desires graduate chemist 3-10 
years experience. Salary commensurate 
with training and experience. Many 
benefits. Company develops and manu- 
fractures ingredients for food proc- 
essors. Send resumé to: 

W. C. HANSEN 

ARCHIBALD & KENDALL, INC. 

487 WASHINGTON STREET 

NEW YORK 13, N. Y. 


FOOD ENGINEER - Nationa! food 
company desires man with B.S. in 
Food Technology or Chemical Engi- 
neering for opening in food product de- 
velopment. Work includes product for- 
mulation and process engineering. Ex- 
perience in food industry desirable 
but not mandatory. Salary commen- 
surate with training and experience. 
Write to Dr. G. Reed, Director of 
Research, Red Star Yeast and Pro- 
ducts Co., P.O. Box 737, Milwaukee 1, 
Wisconsin. 


The frozen prepared food field offers 
exceptional opportunities for young 
Food Technologists to participate in 
a rapidly growing vigorous industry. 
A leading manufacturer has openings 
in Quality Control and Research for 
recent graduates or men with one or 
two years experience, with B.S. or M.S. 
degrees. REPLY BOX 810, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, II. 


FOUNDED 1922 


and ECB, 
esearch Keaaberateries 


CORPORA T 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 


BERNARD L.OSER, PH.D., PRESIDENT ANDO DIRECTOR 


FOOD PACKAGING 


Excellent opportunity for food 
technologist with packaging  in- 
terest. Experience with package 
selection and testing for consumer 
sales helpful. Degree and at least 
several years of experience desired. 
Should be seeking future growth 
opportunity and be able to partic- 
ipate in team effort. Outstanding 


facilities and benefits. 


Send complete resumé including 
salary requirements to Supervisor 
of Employment. 


Research Center 


GENERAL FOODS CORP. 


Tarrytown, New York 


FOOD TECHNOLOGIST 

Exc. oppty. for food technologist with 
special emphasis on FOOD FLAVOR- 
ING. Practical exp. in bakery supply, 
meat & canning industries desirable. 
Chemical degree desired but not neces- 
sary. REPLY BOX 813, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, IIl. 


PROFESSIONAL SERVICES 
Since 1869 Schwarz Laboratories has been 


a leading laboratory and technical service 
to the food and beverage industries. 

We offer thorough, expert advice on food 
problems of ali types, analyses, flavor 
evaluations, product development, and le- 
Costs are low due to our 


gal testimony. 
operation and 


experience and efficient 


equipment. May we send you our brochure? 
SCHWARZ LABORATORIES, INC. 

230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 


Cable: Swoknip 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 


Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 

Sixth Floor 


29 E. Madison St., Chicago 2, Ill. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217, Madison 1, Wis 


WANTED 
QUALITY CONTROL MANAGER 


Progressive multi-plant frozen food 
company seeks man able to handle all 
phases of quality control for its West- 
ern New York processing plant. Vege- 
table or related experience necessary. 
We offer unusual opportunity for fast 
advancement. Many paid benefits in- 
cluding hospitalization, pension and 
profit-sharing, salary continuation in- 
surance. Please submit detailed resu- 
mé including desired salary. Replies 
confidential. REPLY BOX 811, Insti- 
tute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


FOOD 
SENSORY 
ANALYST 


(Psychometrician) 


An expanding food company located 
in Northern New Jersey has an im- 
mediate opening for a FOOD SEN- 
SORY ANALYST in the Psychometric 
Section of its Research Dept. Major 
duties include food evaluation, assist 
in tabulation and collection of data 
and maintain general work area. 


Home Economics degree and some 
training in psychology is desirable. 
Minimum 2 years math essential; some 
industrial experience desirable. 


Salary commensurate with qualifica- 
tions and experience. 35-hour week; 
liberal fringe benefits. 


Please send complete resumé, stating 
age, education, background and salary 
desired to: BOX 809, Institute of 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


AVAILABLE: FLAVOR CHEMIST 
—15 yrs. experience in essential oils, 
flavors and extracts for the Beverage, 
Baking, Candy, Ice Cream and Liquor 
Industries. Diversified experience— 
research, development, production, 
quality control and customer service. 
Metropolitan New York Area pre- 
ferred. REPLY BOX 812, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 
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You see exactly what you're getting when you order 


food-grade antioxidants 


carrying this label 


stmaan /ood-grade antioxidant 


—an Eastman 


tical Products, Inc. antioxidant 


Istmon Kodak Company 


|\NGSPORT, TEMMESSEE 
TTT fi 


20 % 
20% 
60% 
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TENNESSEE CASTMAN COMPANY roe Casta 33 
| reducts, inc. 
¥ odok Compeny 
é 1, TEMNESSEE 
Os? 
. a ° 
food-grade antioxidant 2225 
= 
Tenox food-grade 
antioxidants are available ; 
TENNESSEE 


in a wide variety of 
formulations to meet the 


> 


—an J astman food-grade antioxidant 


many processing at 
requirements of the 
food industry. 
No matter which > 
formulation you use, 28,23 Si 
you can be confident of ES Fo 
its performance, for the Seu 


Pr 


exact composition of 
each formulation is 
clearly indicated 

on the label. 


Subsidiary of Eastman Kodak Company 


RIMGSPORT, TEMMESSEE 


7 
Eeastm CHEMICAL PRODUCTS, INC. 


Subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 


SALES OFFICES: Eastman Chemical Products, Inc., Kingsport, Tennessee; Atlanta; Boston; 
Chicago; Cincinnati; Cleveland; Detroit; Greensboro, N. C.; Houston; Kansas City, Mo.; New 
York City; Philadelphia; St. Lovis. West Coast: Wilson & Geo. Meyer & Company, 
San Francisco; Denver; Los Angeles; Phoenix; Portland; Salt Lake City; Seattle. Canada: 
Soden Chemicals, Montreal, P. Q.; Toronto, Ontario. 
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NATURE'S FLAVOR DIMENSIONS ARE ONLY BLUEPRINT 


To reach the height of flavor excellence in 
wide, wonderful variety, you need the full depth 
of Nature’s goodness. 

Norda assures such flavor perfection for your 
products, in good measure. For at Norda it seems 
there’s unmatched skill in matching the best of 
Nature. 

Why not draw your plans to a bigger scale? 
You can, you know, with Norda. 


Norda, 


Flavor it with a Favorite 


Samples, free, by sending your business letterhead fo 
NORDA, 601 W. 26th Street, New York 1, N. Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana * London * Paris * Grasse * Mexico City 
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